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ABSTRACT 


Blocks of glass-bearing basalt, ejected from Kilauea volcano during the explosive erup- 
tion of 1924, contain principally microphenocrysts of olivine and variolitic structures com- 
posed of labradorite and augite, with a considerable quantity of interstitial basaltic glass. 
The texture of the rock and the paragenetic relations of its minerals evince three distinct 
stages of congelation. 


INTRODUCTION 


The eruption of Kilauea volcano on Hawaii in May 1924 was of par- 
ticular interest because it involved many violent explosions, phenomena 
not common to Kilauean activity. In fact, this was the first explosive 
activity that had occurred at Kilauea since the year 1790, and it has not 
been repeated since. The activity has been described in detail by Jaggar 
and Finch (1924) and by Finch (1943). 

During the 1924 eruption a large number of angular blocks of lava 
were expelled from the volcano’s orifice and scattered over the floor of 
the caldera around the great firepit, Halemaumau. For the most part, 
these blocks vary in size from small fragments up to one rock which 
weighed 10 tons (Stearns and Clark, 1930, p. 117 and pl. 20c), but R. H. 
Finch has informed the writer of one exceptionally large block that 
weighed 13 tons. They were torn from the walls of the vent by the erup- 
tion and the majority were undoubtedly crystalline when ejected. The 
blocks show a variety of textures and mineral assemblages, resulting, 
apparentiy, from different conditions of crystallization. Macdonald 
(1944 b) has already described several of these blocks, some of which 
differ radically from typical Hawaiian basalts in having peculiar olivine 
phenocrysts and a hornfels-like groundmass of labradorite, hypersthene, 
and augite. 

In January, 1946, the writer, accompanied by R. H. Finch and Guy C. 
Omer, Jr., of the Hawaiian Volcano Observatory, visited the floor of 
Kilauea caldera in the vicinity of the firepit, Halemaumau. They col- 
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lected several of these blocks, ejected in the 1924 eruption, which show 
interesting petrographical features. One particular rock type consists of 
irregular masses of blue-black basaltic glass set in a fine-grained net- 
work of plagioclase and ferromagnesian minerals. Due to the fact that 
basaltic glass has not been previously reported from the ejected blocks 
of the 1924 explosion, and to the fact that this particular rock type 
reveals an interesting crystallization history, it was deemed advisable to 
subject it to special study. The results of this study are presented here- 
with. 

The writer is greatly indebted to R. H. Finch and Gordon A. Mac- 
donald for their critical reading of the manuscript and for their helpful 
suggestions. 


PETROGRAPHIC NATURE OF THE BASALT 


The glass-bearing basalt is a heavy, fine-grained, medium-gray rock 
with what appears at first glance to be a diabasic texture. Close inspec- 
tion, however, reveals the presence of numerous small radiating inter- 
growths, averaging 3 millimeters in diameter, made up by the radial ar- 
rangement of mineral grains. These radial intergrowths give the rock a 
variolitic structure which is apparently not uncommon in Hawaiian 
lavas (Cross, 1915, p. 13; Washington, 1923, p. 344; Stone, 1926, pp. 
18-19; Macdonald, 1944 a, p. 183). Scattered throughout the crystalline 
groundmass are irregular patches of blue-black, vesicular basaltic glass, 
some patches as much as 12 millimeters across. This glass shows a highly 
vitreous lustre and a faint iridescence, and has good conchoidal fracture. 
A photograph of the glass-bearing basalt as it appears in hand specimen 
is shown in Fig. 1. 

In thin section the glass-bearing basalt consists of microphenocrysts 
of olivine and a little pyroxene set in a groundmass of plagioclase, 
pyroxene, and basaltic glass, with minor accessories. The olivine and 
pyroxene microphenocrysts are scattered irregularly throughout the 
rock, but the plagioclase and most of the pyroxene are arranged radially 
forming little variolitic structures whose diameters average about 3 
millimeters. The texture of the basalt is typically intersertal with volcanic 
glass filling the interstices between mineral grains. These relations are 
shown in Fig. 2. 

The olivine microphenocrysts are nearly square in cross section and 
about 14 millimeters on a side, and in some cases show the effects of mag- 
matic resorption. One microphenocryst showed resorption and the later 
deposition of a narrow rim of pyroxene similar to the pyroxene in the 
groundmass. Most microphenocrysts show sieve structure with slender 
laths of plagioclase perforating them quite unconcernedly. Optical study 


Fic. 1. Block of glass-bearing basalt ejected from Kilauea volcano, Hawaii, during 
explosive eruption of 1924. Note irregular, black masses of volcanic glass in crystalline 
groundmass. Specimen is 5 centimeters across. 


Fic. 2. Photomicrograph, in plane polarized light, of glass-bearing basalt ejected from 
Kilauea volcano, Hawaii, during explosive eruption of 1924. Note radial intergrowth of 
labradorite laths (white) and augite crystals (gray). Opaque grains are iron oxide. Uniform 
gray constituent in southwest portion of slide is interstitial basaltic glass. Note small micro- 
phenocryst of olivine between iron oxide grains in western portion of slide. East-west diam- 
eter of section is about 5 millimeters. 
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proves the olivine to be biaxial negative with 2V=85°, B=1.696, and 
r<v weak. These data, when applied to Winchell’s (1933, p. 191) graph 
for the olivine series, indicate a chemical composition of approximately 
75 per cent forsterite, which composition is fairly typical for the olivine 
phenocrysts in Hawaiian lavas (Aurousseau and Merwin, 1928, p. 560). 

Plagioclase is present in slender rod-shaped crystals whose lengths 
range from 0.2 millimeter to 2.0 millimeters. The lengths of the crystals 
are from 5 to 8 times their widths. Together with subhedral grains of 
pyroxene, the plagioclase laths form variolitic structures with an average 
diameter of 3 millimeters, and these compose the “framework” of the 
rock. These structures are illustrated in Fig. 2. All plagioclase laths are 
twinned polysynthetically but do not show zoning. In the zone per- 
pendicular to the side pinacoid their maximum extinction is 35°, reveal- 
ing a chemical composition of Abs7Ang3 (labradorite). 

Pyroxene in small subhedral to anhedral crystals, averaging from 0.1 
to 0.5 millimeter in length, is characteristically associated with the 
labradorite in the radiating structures already described. However, 
pyroxene also occurs as small grains scattered at random throughout the 
groundmass and also as a few microphenocrysts. The pyroxene associated 
with labradorite and that in the groundmass shows a faint greenish color 
but is non-pleochroic. It possesses the following optical properties: Bi- 
axial positive, 2V=52°, y=about 1.725, Z/\c=44°. When applied to 
Winchell’s (1933, p. 227) graph, this indicates augite with a composition 
of approximately 20 per cent clinoenstatite, 25 per cent diopside, and 
55 per cent hedenbergite. 

Brown basaltic glass, containing minute particles of iron ore, fills the 
interstices between the above minerals, and, in addition, occupies large 
irregular areas in the groundmass. It represents the fina] step in con- 
gelation of the basalt. The index of refraction of the glass is 1.555 indi- 
cating a silica content of 53 per cent (George, 1924, p. 365). 

Magnetite and iJmenite occur as accessory interstitial masses, molded 
between crystals of labradorite and augite, and scattered throughout the 
groundmass. Tiny accessory needles of apatite are inclosed in basaltic 
glass. 

A modal analysis of the glass-bearing basalt was made with a Went- 
worth integrating stage and the results are shown below: 


Mineral Percentage 
Olivine 18 
Augite Zz 
Labradorite 29 
Basaltic glass 24 
Magnetite, ilmenite, apatite 4 


Total 100 
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The age relations of the constituents of the basalt have been estab- 
lished as follows: Olivine was an early mineral to crystallize since it forms 
microphenocrysts, some of which were later partially resorbed by the 
cooling magma. Some labradorite apparently crystallized either con- 
temporaneously with or slightly earlier than the olivine, since it exists as 
slender laths inclosed within the latter. Some of the augite was later 
than olivine for in at least one case it borders a resorbed crystal of that 
mineral. Although a little augite occurs as microphenocrysts and as ir- 
regular crystals in the groundmass, most of it is closely associated with 
labradorite in radiating, variolitic structures. The majority of the labra- 
dorite and augite formed contemporaneously. Magnetite and ilmenite 
were later than either labradorite or augite, since they occur intersti- 
tially between the latter. Slender needles of apatite are inclosed in 
basaltic glass and are thus older. Inasmuch as glass fills the interstices 
between crystals, it was the latest constituent to form. 


CooLInG HISTORY OF THE BASALT 


The texture of the basalt and the paragenesis of its minerals suggest 
that the normal basaltic magma, from which it was apparently derived, 
passed through 3 distinct stages in the process of cooling. 

Stage 1. During this stage the magma is thought to have been located 
at considerable depth below the surface where cooling was slow and un- 
disturbed. Microphenocrysts of olivine and a few of augite formed in the 
cooling melt, and the absence of zoning in these microphenocrysts sug- 
gests that their re-working by the magma was essentially complete. 
Labradorite crystals were precipitated in this early stage also, and many 
became encased in the microphenocrysts. In the later part of this stage, 
some of the microphenocrysts were partially resorbed, and in one case 
a narrow rim of augite was deposited about a microphenocryst of olivine. 

Stage 2. This stage began when the above magma was intruded into 
the hot walls of the Halemaumau firepit, possibly as the small sill-like 
body described by Macdonald (1944), p. 322). Here the cooling of the 
now rather viscous magma was more rapid than in Stage 1, and labrador- 
ite laths and augite crystals formed in radial growths about numerous 
geometric centers throughout the magma. At the conclusion of this stage 
the rock consisted of a definite crystal mesh with radial, variolitic struc- 
tures forming the “framework,” and with magnetite, ilinenite, and apa- 
tite as accessory minerals. 

Stage 3. In this final stage of cooling, portions of the sill-like intrusion 
were torn violently from the wall of Halemaumau firepit by explosive 
eruptivity and hurled high into the air. Thus the residual liquid in the 
pore spaces was chilled to a glass, and the congelation of the basaltic 
lava was complete. 
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DIFFERENTIAL THERMAL ANALYSIS OF SOME 
CARBONATE MINERALSf 


F. L. CuTHBERT* AND R. A. RowLAND** 


ABSTRACT 


Differential thermal analysis curves are presented for ten of the more common carbon- 
ate minerals of known purity. The characteristic curves given should aid in detecting the 
presence of these minerals when they occur in clays or soils being analyzed by this method. 
The use of differential thermal analysis is suggested for industries utilizing carbonate min- 
erals or their by-products. 


INTRODUCTION 


Differential thermal analysis, as applied to soils and clays has become 
increasingly popular within the last few years, and its value for deter- 
mining the composition of these materials has been proven (1, 2). Con- 
sequently, many research and control laboratories have built apparatus 
designed to yield differential thermal curves. While most of these vary 
slightly in operation and design they give similar results, and the ther- 
mal curves from different laboratories can thus be compared. 

In the course of studying and analyzing many clays in the laboratories 
of the Illinois State Geological Survey it was noticed that frequently 
samples contained a carbonate mineral which produced a distinct and 
characteristic thermal reaction (3, 4). The following work was under- 
taken to characterize the thermal reactions of several of the common 
carbonate minerals by means of the type of differential thermal ap- 
paratus now popular. All of the work was carried out in the laboratories 
of the Illinois State Geological Survey. 

The carbonate minerals analyzed by the differential thermal method 
and their source are listed in Table 1. 


PROCEDURE 


The particular differential thermal apparatus used has been described 
in detail in another paper and is very similar to those in use in other 
laboratories (3). A heating rate of about 10° C. per minute was used. The 
carbonate minerals selected for analysis were specimens chosen for their 
purity. They were prepared for analysis by grinding in a porcelain mor- 
tar to minus 60 mesh and carefully picking out impurities under a micro- 
scope. Chemica] analyses for each of the purified minerals are given in 
Table 1. 


+ This work was undertaken while the authors were members of the staff of the Illinois 


State Geological Survey. 
* Research and Development, Baroid Sales Division, National Lead Company, Los 


Angeles, California. 
** Exploration and Production Research, Shell Oil Company, Houston, Texas. 
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Because of the fact that the thermal] reactions of many of the carbonate 
minerals are quite vigorous, thermally inert Al,O3 was used as a diluent in 
the proportion of 25% mineral and 75% Al,O3, the two materials being 
carefully mixed. This allowed all of the minerals to be analyzed without 
reducing the sensitivity of the differential thermocouple circuit and 
eliminated the danger of losing a part of the sample because of a vigorous 
reaction. All of the samples were dried at 90° C. before thermal analysis. 


RESULTS 


The thermal curves which were obtained using the above procedure are 
shown in Figs. 1 and 2. All temperatures are noted in degrees centigrade. 


Calcite: The differential thermal curve of calcite shows a rather intense 
broad endothermic reaction starting at about 625° and ending about 
890° with a peak at 840°. 


Aragonite: This curve also shows a broad endothermic reaction. How- 
ever, the reaction starts at about 600°, ends at 920° and has its peak at 
860°. 

Magnesite: The thermal curve for magnesite shows a broad, vigorous 
endothermic reaction which starts about 400°, ends at 690° and has a 
peak at 650°. There is also a much smaller endothermic reaction of a 
much different character immediately following the first. 


Dolomite: Two endothermic reactions are shown in the dolomite curve, 
both of which are sharper than either calcite or magnesite. The first 
starts about 600° and has a peak at 780° and the second has a peak at 
830° and ends about 900°. 


Witherite: The thermal curve for witherite shows two small, sharp 
endothermic reactions; one about 810°, and another about 980°. 


Cerussite: Three rather small endothermic reactions are shown in the 
thermal curve for cerussite. The first starts about 250° and has a peak 
at 338°, the second immediately follows the first with a peak at 400°, and 
the third reaction is small and sharp at 855°. 

Siderite: Siderite shows a single exothermic reaction starting at about 
450° and ending about 625°, reaching a maximum at 560°. 

Smithsonite: A single small broad endothermic reaction starting about 
300° and ending about 510°, with its peak at 455° is shown in this curve. 

Strontianite: A series of relatively small endothermic reactions start- 
ing about 800° and continuing past 1000° are shown. 

Rhodochrosite: The thermal curve for rhodochrosite shows an endo- 
thermic reaction between 500° and 685° with a peak at 625°, and a 
second rather broad endothermic reaction from 800° to 1000°. 
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TABLE 1* 

Mineral Source % Cation % COz2 
Calcite Cleavage frag. CHO SHay 44.11 
Aragonite Patterson Pass, Calif. CaO 564 43.38 
Magnesite Stevens Co., Wash. MgO— 45.98 50.54 
Dolomite Cleavage frag. (CaO sin) 46.92 

MgO— 20.13 
Witherite Northumberland, Eng. BaO— 74.98 22.40 
Cerussite Embreeville, Tenn. PbO— 83.33 16.41 
Siderite Roxbury, Conn. FeO— 53.80 38.21 
Smithsonite Grant Co., N. Mex. ZnO— 50.74 30.99 
Strontianite Westphalia, Ger. SrO— 67.80 30.89 
Rhodochrosite Butte, Mont. MnO—57.20 38.46 


* Analyses by L. D. McVicker, Illinois State Geological Survey. 


ARAGONITE AL : 
ie pao | 


DOLOMITE 


Fic. 1. Differential Thermal Curves. 


114 F. L. CUTHBERT AND R. A. ROWLAND 


WITHERITE 


GERUSSITE 


SIDERITE 
SMITHSONITE 


STRONTIANITE 


RHODOCHROSITE 


- 200" mn ne soo* u“ 700" eo" voo* e009" 109° 


Fic. 2. Differential Thermal Curves. 


DISCUSSION 


The influence of particle size and heating rate on the decomposition 
temperatures of carbonates has been recognized for some time (5). Both 
a decrease in particle size and an increase in the rate of heating, will 
result in an increase of the rate of decomposition. Also, an increase in 
the heating rate will cause an increase in the temperature at which the 
reaction is completed. In view of this, slight differences in the heating 
rate and particle size of the mineral may cause slight changes in both 
the slope of the curve, which is characteristic of the rate of decomposi- 
tion, and the temperature at which the reaction is completed. Conse- 
quently some variation may be expected between results obtained in 
different laboratories. 
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The differential thermal curves of calcite, aragonite, magnesite, and 
dolomite can be considered best as a group. Dissociation temperatures 
for calcite have been recorded in the literature as occurring from about 
825° C. to as high as 915°, largely dependent upon the rate of heating (5). 
Aragonite, when heated above 450° changes more or less spontaneously 
into calcite and the thermal curves, as obtained, show no significant dif- 
ference. The dissociation of magnesite occurs at a lower temperature 
than that of calcite as shown in Figure 1. Wells believes 545° is about 
right (6). The second endothermic reaction shown in the magnesite curve 
is probably due to the presence of a small amount of calcite. When 
double magnesium and calcium carbonates are present, as in dolomite, 
the thermal] curve resulting is not exactly what would be expected by 
merely combining the curves for magnesite and calcite. A higher tem- 
perature is necessary in order to start the decomposition than is required 
for magnesite and the decomposition proceeds until practically no mag- 
nesium carbonate exists before any CaO is formed. This fact is used 
commercially to separate MgO and CaO. 

The thermal curve of witherite shows no dissociation reaction since it 
does not start to dissociate until about 1100° is reached. However, the 
two endothermic reactions that do show, serve as an excellent means of 
identification. They are the transition points to the alpha and beta forms 
of the mineral occurring at 811° and 982° respectively. Transition points 
characteristically result in a sharp reaction in contrast to the broad de- 
composition reactions. 

Siderite was the only mineral tested in this series which gave an exo- 
thermic reaction. The exothermic reaction is a result of the heat balance 
between the decomposition of the FeCO; and the immediate oxidation of 
the resulting FeO to Fe2O; (7). 

Cerussite showed three distinct endothermic reactions which are be- 
lieved to be an indication of three steps during the dissociation of PbCOs. 
Tzentnershver reports evidence for the existence of three stages; 
3 PbO-5PbCOs, 2PbO-PbCOs, and PbO: PbCOs; (8). 

The thermal] curve of smithsonite, which shows a peak at 455° is in 
good agreement with that noted for its dissociation in other work (9). 

The dissociation temperature of strontianite is reported to be 1340° 
(10). However, Dutoit reports a dissociation pressure of 20 mm. at 952°, 
of 298 mm. at 1175° (11). In view of this, the series of reactions shown 
in the strontianite curve are believed to represent the beginning of dis- 
sociation. It is also possible that the small amount of impurity present 
as shown in the chemical analysis may account for part of these reactions. 

Krustinsons reports the dissociation of manganese spar as beginning 
at 407.5° and ending about 700° (12). This may be considered in good 
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agreement with that obtained in this work for rhodochrosite, in which 
the reaction started about 500° and was completed about 684°, reaching 
a maximum at 625°. The second endothermic reaction shown in the 
rhodochrosite curve may be due to the small amount of impurity present. 


SUMMARY 


The type of differential thermal analysis apparatus used for studies 
of clays and soils produces excellent resuJts when applied to the carbonate 
minerals. Ten of the more common carbonates are analyzed and charac- 
teristic curves are given which should aid in identification of the minerals 
when they occur in clays and soils. 

The decomposition temperatures of the carbonates and the inversion 
temperatures of witherite shown in this study agree very well with those 
obtained using other methods. 

The possibility of using the method for research and control of plant 
products in various industries is suggested. Industries that produce and 
utilize limestones and dolomites for example, might well find the method 
applicable for control, particularly inasmuch as the analysis, as per- 
formed in this manner, requires only about two hours for completion, and 
is capable of detecting small amounts of carbonates which would be easily 
overlooked otherwise. Another advantage of the method is the relatively 
small amount of material which is needed for analysis, about 0.3 to 0.5 
of a gram. 
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SODIUM BICARBONATE (NAHCOLITE) FROM 
COLORADO OIL SHALE! 


TELL ERTL? 


ABSTRACT 


Sodium bicarbonate (nahcolite) was found in the high-grade oil-shale zone of the Para- 
chute Creek member of the Eocene Green River formation in the underground development 
openings of the Bureau of Mines Oil-Shale Demonstration Mine at Anvil Points, 10 miles 
west of Rifle, Colo. It occurs as concretions varying up to five feet in diameter and as layers 
up to four inches thick, intercalated between rich oil-shale beds. It is suggested that the 
concretions were formed while the ooze, which had been deposited in the bottom of the 
former Uinta Lake, was still soft and plastic. 


INTRODUCTION 


Natural sodium bicarbonate (NaHCOs3) was reported first by P. Wal- 
ther® from Little Magadi dry lake, in British East Africa, but no con- 
firmatory evidence was given. F. A. Bannister, who reported natural 
sodium bicarbonate in an efflorescence from an old Roman underground 
conduit from hot springs at Stufe de Nerone, near Naples, gave the min- 
eral the name “‘nahcolite.”’ Later the mineral was reported by E. Quer- 
cigh® as an incrustation in a lava grotto, apparently mixed with thenar- 
dite and halite. Large quantities of nahcolite were found in a well core- 
drilled below the central salt crust of Searles Lake and described by 
William F. Foshag.® 

The presence of saline phases in the eastern part of the Uinta Basin in 
the high-grade oil-shale facies of the Parachute Creek member of the 
Eocene Green Eiver formation was noted by W. H. Bradley.’ He states 
that ellipsoidal cavities whose major axes range from a fraction of an 
inch to more than five feet in length contained molds of radial aggregates 
of a saline mineral that could not be determined because of the complex 
intergrowth of the crystal molds. 

The Bureau of Mines now is developing an underground oil-shale 
mine at Anvil Points, 10 miles west of Rifle, Colorado. A number of un- 
derground openings have penetrated the high-grade oil-shale facies that 
contain the salt cavities. As the openings were advanced deeper into the 


1 Published by permission of the Director of the Bureau of Mines. 

2 Mining Engineer, Bureau of Mines Oil-Shale Demonstration Plant, Rifle, Colorado. 

3 Walther, P., Am. Mineral., 7, 86-88 (1922). 

4 Bannister, F. A., Mineral. Mag., 22, 53-64 (1929). 

5 Quercigh, E., Rend. Acad. Sci. (Naples), (4) 7, 19-25 (1937). 

6 Foshag, W. F., Am. Mineral., 25, 769-778 (1940). 

7 Bradley, W. H., Origin and microfossils of the oil shale of the Green River Formation 
of Colorado and Utah: U. S. Geol. Survey, Prof. Paper 168, 33-37 (1931). 
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cliffside and away from the outcrop some of the cavities were found to be 
unleached and to contain a soluble crystalline mineral. 

The mineral was found to occur in crystalline, cleavable masses in con- 
cretions as large as five feet in diameter and as small as a pea. It also was 
found in layers up to four inches thick intercalcated between oil-shale 
beds. The mineral in the concretions varies in color from colorless, 
through white, yellow, brown, and black. Most often the color is a dirty 
brown because of the bitumen dispersed throughout the mineral. Clear 
pieces one inch square and one-quarter inch thick have been broken from 
the concretions. 

The mineral occurring in the layers is pure white, translucent, and oc- 
curs as fibrous crystals at right angles to the bedding. It has a pearly 
opalescence and resembles the satin spar variety of gypsum. 


IDENTIFICATION 


The mineral was taken to the Colorado School of Mines for identifica- 
tion. Professor Richard Merriam of the geology department, Mr. Eugene 
Staritzky, Associate Director of the Experimental Plant, and the writer 
determined by optical and crystallographic means that the mineral was 
nahcolite. Cursory spectrographic analyses, made by Mr. Staritzky, 
showed no important impurities. 

Chemical tests on the mineral were made at the Bureau of Mines 
Petroleum and Oil-Shale Experiment Station, Laramie, Wyoming. 
Analyses on two specimens show: 


NaHCO; (calculated from total HCOs;) 88 .29%* 91.90% 
NayCO; (calculated from total COs) 4.78 6.62 
H;0 insoluble 6.77 0.14 
Material unaccounted for 0.16 1.34 
Total 100 .00% 100 .00% 
Acid insoluble 4.47% 0.14% 
CaO (acid soluble) 1.16% 0.14% 
Al,O3 and Fe203 None None 


* This sample contained considerable bituminous material. 


PARAGENESIS 


Nahcolite in the Green River formation occurs in concretions and lay- 
ers in the high-grade oil-shale bed. Each concretion seems to be composed 
of just a few large crystal growths since the cleavage is parallel through- 
out most of the concretion. The oil-shale beds on each side of the concre- 
tions are distorted for a short distance above and below, but the beds a 
few feet above and below the concretion appear in all cases to be flat- 
lying. (See figure 1.) The highgrade oil shale is an extremely fine-grained, 
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compact rock. It seems doubtful that solutions could move in the oil 
shale freely enough after lithification to produce these nahcolite concre- 
tions. 

Therefore, the writer concludes that at the time of formation of the 
rich oil-shale beds, the lake was supersaturated with sodium salts. The 
sodium salts were precipitated as sodium bicarbonate concurrently with 
the marly mud rich in organic matter that later became oil shale. On 


Fic. 1. Leached nahcolite concretions on fresh face of oil-shale cliff, showing distortion 
of beds immediately above and below the concretion. Note nahcolite efflorescence. 


lithification of the deposited material, the sodium bicarbonate began to 
crystallize along certain planes and as the crystals of nahcolite grew the 
surrounding oil shale was distorted while still soft and plastic. Neverthe- 
less, as the growing crystals of nahcolite crowded the laminae of oil 
shale away from them both above and below, the mud was stiff enough to 
maintain its original laminate structure. 

Foshag states that sodium bicarbonate, in open solutions, loses COz 
and eventually passes to trona (NazCO3: NaHCO;:2H20), therefore it is 
not often found in nature. He states further that its occurrence in 
Searles Lake may be caused by an interaction of trona and calcium bi- 
carbonate under conditions that did not allow the escape of carbon 
dioxide gas. The action of carbon dioxide and water vapor on trona is 
known to produce sodium bicarbonate. Because the organic-bearing mud 
that now is oil shale was putrifying on deposition, the lake readily could 
have had an excess of carbon dioxide that could have caused the deposi- 
tion of nahcolite rather than trona. 

On the other hand it is known that in the system Na2zCO3- NaHCO;- 
H.0, trona is not stable below 21.26° C.; NaHCO; (nahcolite) and 
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NazCO3: 10H2O (natron) are the stable phases. Bradley indicates that the 
former Uinta Lake must have been 75 to 100 feet deep during long pe- 
riods of time while the rich oil-shale beds were being deposited. He also 
believes that the water toward the bottom of the lake was stagnant, and 
strongly reducing, and distinctly unfavorable for bottom-dwelling ani- 
mals. In addition he has evidence that the mean annua] temperature 
of the region, and therefore of the stagnant deeper portion of the lake. 
was of the order of 18° C. The evidence then favors the deposition of the 
nahcolite directly from a solution rich in sodium salts whose lower layers 
were stagnant, strongly reducing, and at a constant temperature below 
DISC: 


SPECTROGRAPHIC ANALYSIS OF TOURMALINES FROM 
THE ISLAND OF ELBA WITH CORRELATION OF 
COLOR AND COMPOSITION 


GuIDO CAROBBI AND RENzO PiERUCcCINI, Institute of Mineralogy and 
Geochemistry, University of Florence, Florence, Italy. 


INTRODUCTION 


The colors of the beautiful crystals of tourmaline from the Island of 
Elba and their zonal coloration have always attracted the attention of 
naturalists. Dolomieu (1) in 1798 examined the tourmalines of Elba de- 
scribed as “half white and half dark’’; Ottaviano Targioni Tozzetti (2) 
(the son of Giovanni Targioni Tozzetti, the great Tuscan naturalist of 
1700) described for the first time the tourmalines of different colors that 
Lieutenant Ammannati collected when he was garrisoned on the Island 
of Elba. 

Antonio D’Archiardi (3), in his “‘Mineralogia della Toscana,”’ recorded 
some interesting data on the succession of colors on the crystals and on 
the variation of density with color; Giovanni D’Achiardi (4) wrote his 
doctor’s thesis on the tourmalines from Elba, after examining about 6000 
crystals or fragments of crystals. 

More recently, E. Grill (5) found some new forms on the tourmalines 
from the Island of Elba. From the crystallographic studies of G. D’Archi- 
ardi, we note a regular variation of the axial ratio with the color; we have, 
for example, the lowest value of the axial ratio for the yellow-green tour- 
malines (a:c=0.441154), then follow in order the dark, the colorless, 
the pale pink, the dark yellow, the greenish yellow, and, lastly, the yel- 
low tourmalines with a:c=0.454079. Consequently, the color varies with 
the chemical composition of the crystals, as is also shown by the specific 
gravity and by the refractive indices. The black crystals have the max- 
imum density (3.167-3.174), then come the greenish yellow, the pale 
pink, the colorless (3.017), and the yellow, which are the lighest of all 
(2.950-3.014). 

It thus appears that the succession of colors is very similar to that ob- 
tained by arranging the crystals according to the increasing value of the 
ratio aic. 

When we consider the double refraction, we can show that the color- 
less crystals must be classified with the slightly pink and the greenish 
crystals. We obtain the following succession: pink (w—«=0.0200 for yel- 
low light), colorless (0.0204), greenish yellow (0.0220). 

We may conclude that the color, or at least some colors, are influenced 
by the chromophores which enter in solid solution to a considerable ex- 
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tent. For some colors (black, green, greenish yellow, and red), the color 
cannot be attributed to minor constituents present in such small quan- 
tities that they could have no influence on the axial ratio and other physi- 
cal characters. 

The structure of the solid solution forming the tourmalines has been 
determined by M. J. Buerger and W. Parrish (6) on crystals from the 
Etta Mine, South Dakota, to which they have assigned the space group 
C3,. Miss Kulazzewski (7) and Machatschki (8) had previously reported 
on the structure of tourmaline. The formula of the solid solution may be 
written, according to Buerger and Parrish, as: 


(Na, Ca)R3(Al, Fe) sB3SigO27(O, OR F), 
and in a general way, according to Machatschki: 
XY,SieB3(O, OH, F)n, (X=Na, K, Ca, Mn), (Y=AI, Fe) 


The elements must be grouped together, as in all minerals, on the ba- 
sis of ionic radii. Sodium may be replaced by calcium and manganese; 9Y 
is never represented in nature by 9Al, but instead by AlsLi or Al;(Mg, 
Fe). The lithium is almost always present, and from the point of view 
of isomorphism there is equality in the group of the two atoms LiAl with 
2 Mg. 

For the Elba tourmalines, there was lacking a spectrographic research 
of the minor constituents, which was necessary for a study of the rela- 
tionship of composition and color. 


SPECTROGRAPHIC ANALYSIS 


We have prepared spectrograms of twenty differently colored samples 
from the black, green and red, to the greenish yellow, all coming from 
the Museum of this Institute. Every one had been separated from a 
clear and transparent crystal and carefully examined under the micro- 
scope; the very fine powder was crushed in clean mortars, dried in an 
oven, and then vaporized in the arc of very pure carbon electrodes 0.6 
centimeters in diameter of the Ruhstradt firm. The substance (40 mg.) 
was placed in a cavity .2 cm. in diameter and 1.2 cm. deep, and volatil- 
ized in the arc with 190V and 8A for 6’45””. 

We have used a Zeiss Qu 24 spectrograph; the field of observation was 
between 5000 and 2300 A. The focusing adjustment of the slit was for 
2800 A. We used Hartmann’s diaphragm T 10 with nine windows and as 
intermediate screen the D5. The breadth of the slit was 0.006 mm. We 
used Ferrania Cappelli ultracontrast orthoplates and developed for five 
minutes with methyl hydroquinone in the developer. 
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After measuring the wave-lengths corresponding to all lines made on 
the positive of the spectrogram obtained by enlarging the photographic 
plates twenty times with the projection comparator, we ascertained for 
every identified element the presence of the complex or series of lines 
which characterize it. We have verified this complex not only by various 
tests, but also by direct experiment on plates especially prepared. 

The identified elements (including the normal constituents of the 
tourmalines) are the following:* 


Bot, LicAlpre Ni, Mpg Ga, Mny-Ca, Bas+K; Na+Li,-Cs,Be,,V,. Ta, 
Sc, Sn, Ce. 


In the course of the qualitative analysis, we have also made estimates 
of the relative abundance of the various constituents in each sample. 

In Table 1 we give our results. 

We reserve for a later research an exact quantitative spectrographic 
analysis; in the meantime, we can report the following conclusions 
drawn from the accompanying table: 

Lithium is present in all samples studied, even in the intensely green or 
black varieties, where it had not been previously identified by the usual 
chemical] methods; the spectrographic analysis has shown that it is pres- 
ent in larger amounts in the pink, yellow, or colorless crystals, while it is 
present only in minimum amounts in crystals rich in iron. 

Copper is always present; it was found in greater quantity in the blue 
crystals. Iron is present in greater quantity in the green or black tour- 
malines, as we already know; nickel is present in very small quantities 
only in the tourmalines very rich in iron. Barium is always present, but 
in largest quantities in tourmalines rich in iron. The quantity of man- 
ganese is greater in the yellow and yellow-green crystals and least in 
those which are black; this is in accord with results obtained by the 
usual chemical methods. 

Calcium is present in larger quantities in the yellow than in the others; 
it is absent in the red tourmalines. Beryllium was present in all samples, 
because it is an isomorphous substituent of silicon. Scandium is present 
in larger quantities in the green and red tourmalines, and tin is present 
in larger amounts in the black. Tantalum is present only in the pink, 
yellow, or colorless crystals, while titanium was found in larger amounts 
in the crystals containing high iron content. 


* We have looked with particular care for the complex of the last lines of the following 
elements: Rb, Sr, Cr, Zn, Co, Ga, In, P, As, La, Nd, Eu, Nb, Ge, Zr but with negative 


results. 
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GEOCHEMICAL CONSIDERATIONS 


All the minor constituents determined by spectrographic means may 
be considered as isomorphous substituents of the major constituents of 
the tourmalines. Their presence is thoroughly justified by the following 
geochemical considerations. 

It is very well known that lithium, owing to its too small radius (0.78), 
does not replace the sodium or potassium in minerals, but substitutes 
for magnesium (0.78). It is found, therefore, in small quantities in dio- 
rites, gabbros, and in more basic rocks (9); in the acid rocks it forms its 
own minerals, such as spodumene or amblygonite, and it partly substi- 
tutes for magnesium as in tourmalines (Al Li=2Mg). 

While rubidium substitutes for potassium and is enriched in the feld- 
spars, particularly in amazonite (up to 2.74%), caesium yields its own 
minerals in the residuum of the crystallization of the acid rocks, or is 
present in traces in the potassium minerals, for it has a radius very dif- 
ferent from potassium (K=1.33, Cs=1.65). Rubidium is present in the 
micas to a larger extent than is the caesium (muscovite 0.40% Rb.O; 
0.01£% CseO) (10). Therefore, caesium concentrates itself more than the 
rubidium in the residuum of the crystallization of the granite of the 
Island of Elba, and we find it in the tourmalines, while rubidium is 
absent. 

Barium found by us in every sample is a replacement of potassium 
(Ba 1.43, K 1.33); it is known that it is contained in orthoclase (up to 
1.5%). The maximum quantity of barium is therefore in the syenites 
and trachytes (0.18%) (11); the nepheline syenites and the phonolites 
have only 0.058%, the granites and the liparites 0.048%, the diorites 
and andesites 0.026%, and the gabbros and the basalts 0.007%. The 
basic rocks deprived of potassium are also deprived of barium. In the 
diorites, barium is contained in the biotite (up to 3%); the calcareous 
rocks have barium only in small quantities. 

Beryllium, owing to its small radius (0.34), is a minor constituent of 
acid rocks where it substitutes for silicon (0.39) ; the quantity of beryllium 
is greatest in the pegmatites (12), where it forms its own minerals; its 
isomorphism with magnesium is limited, and so in the basic rocks, it is 
absent or present in quantities smaller than 0.001%. In the crystals of 
tourmaline that we have studied, beryllium substitutes for silicon and is 
always present. 

Asin the first two groups of the periodic system, a geochemical analogy 
does not exist between sodium and potassium, and between magnesium 
and calcium, so there is no analogy in the third groups between alum- 
inum and scandium. Scandium is a substitute for magnesium, and it is 
hidden in the iron and magnesium minerals (13); all the magmatic 
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olivines contain scandium, as do augite, diallage, and other pyroxenes 
and amphiboles (Mg 0.78 A, Sc 0.89, Zr 0.87).* Therefore, in the tour- 
malines, the quantity of scandium present is larger in the green iron and 
magnesium-rich crystals. Titanium is present in all analyzed samples, 
and it is a substitute for iron and silicon. The geochemistry of niobium 
and tantalum is not very well known, but tantalum should have a be- 
haviour like phosphorus and in the tourmalines substitute for silicon. 
Copper is present in the tourmalines as an isomorphous substitute for 
magnesium. 

In the first group of the periodic system, Cu, Ag, and Au are clearly 
chalcophil; likewise in the second group, Zn, Cd, and Hg; and in the 
third, Ga, In, Tl; but the first element of the three series is often hidden 
in the minerals of the rocks. Copper in very minute traces is very com- 
mon as a substitute for the isomorphous group Mg-Fe’” in the silicates 
of the rocks. This substitution has not been studied sufficiently, and 
cases of isomorphous substitution of magnesium by copper in simple 
compounds are not known in chemistry. 

Many years ago, one of us (14) demonstrated that in the very well 
known double nitrate of the series: 


2X(NOs)3:3Mg(NOs)2: 24H20, Coe Ce; La Nd, Pr, Sm), 


magnesium can be partially or entirely replaced by copper and also by 
cadmium. 


MINor CONSTITUENTS AND COLOR 


In the solid solution which constitutes the crystals of tourmaline that 
we have studied, the presence of the minor constituents that we have 
found is explained by their isomorphism with some major constituents; 
there remains to be determined the relationship between minor con- 
stituents and color. 

The question of the color of allochromatic minerals is one of the 
partially solved mineralogical problems. Formerly, we always attributed 
the color to the presence in the crystals of elements which usually gave 
colored compounds; only recently have we noticed in colored allochro- 
matic minerals the absence of colored compounds, and the color was then 
attributed to a physical phenomenon, as ionic deformation in the crystal. 

Kraatz, Koschlov, and Wohler (15) thought color was due to inor- 
ganic pigments. Weinschenk (16) found titanium in the smoky quartz, 
and he prepared some colored corundum with inorganic pigments. 


* Newhouse has also reported that magnetite of granitic pegmatites contains scandium 
and not the others. (Carnegie Inst. Wash. Publications, Year Book, No. 40 for the year 
1940-41, pages 142 to 144. Issued December 12, 1941.) 
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Brauns (17) was the first to use the absorption spectrum for the 
identification of the chromophores. Then followed Weigel and Habich 
(18), and especially Kolbe (19), who compared the absorption curve of 
a number of chemical compounds in pure crystals and in solutions with 
those of various allochromatic minerals. 

In particular, he studied the absorption of the compounds of Mn, Cr, 
Fe, and Ti. From such comparisons, it appears probable that titanium 
would produce part of the color of amethyst; ferrous iron, of the green 
tourmalines, of clinochlore and of xanthophyllite; ferrous and ferric iron, 
of blue sapphire, spinel, and of green corundum; chromium, of the red 
and green spinel, of alexandrite, blue disthene and of the emerald; tri- 
valent manganese, of the pink tourmalines and of red almandine. The 
absorption curve of the pink tourmalines presents also a certain affinity 
with that of potassium permanganate. 

But the question of the color of allochromatic minerals is certainly 
not concluded with the investigations by means of the absorption curve 
of the constituent which has produced the color. In many cases, the color 
is determined by substances which isolated are colorless or have a differ- 
ent color from that which they bestow on the mineral in which they are 
found. 

K. Chudoba (20) has shown that green zircons have a specific weight 
less than ZrSiO, and reveal some differences in the structure; they con- 
tain amorphous SiOz and ZrO. On heating to 1450°, the specific weight 
increases, and the color changes from blue to yellow. 

Perhaps the presence of amorphous material might be due to radioac- 
tive substances. Machawsky (21) has drawn attention to other varia- 
tions of color due to the heating; morion becomes yellow at 500°; ame- 
thyst becomes colorless at 300—400°, then opalescent and then yellow at 
575-750°; some amethysts from Paraguay become yellow at 390-450°, 
but return to the amethyst color upon exposure to radium. Analogously, 
as Chudoba has pointed out, green beryl becomes blue if it is heated at 
400°; yellow or brown topaz becomes pink upon heating, and with ultra- 
violet rays changes to yellow again. 

These changes of color are in part due to chemical reactions, and 
specifically to a change resulting from the oxidation of the chromophore. 
The change of color of green tourmalines and of beryl when heated would 
be due to the oxidation of iron, that of topaz to the oxidation of va- 
nadium. However, in many cases, it is not a chemical but a physical 
phenomenon; it is a question of the deforming influence of ions on the 
orbits of other ions which are easily deformed, as for example in Pbli, 
which is yellow on account of the deforming influence of Pb”, while NaI 
is colorless because Na’ is only slightly deformed. 
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In fact, it is not possible to explain as a chemical phenomenon the 
pink color of beryl as due to the presence of caesium [Klemm and Wild 
(22)] or the green color of the microcline as due to the presence of 
rubidium and caesium (Goldschmidt) (23). Likewise, according to its dis- 
persion, the same pigment can give different colors to fluorite (Chudoba, 
Kleber, and Siebel) (24); so, at times, the color does not depend on the 
chemical nature of the chromophore. 

In the particular case of tourmaline, Scharizer (25) in 1889 stated for 
the crystals from Schuttenhofen that the deep green color was due to 
iron and that the crystals became pink when manganese is present; 
that is, when the ratio MnO/FeO increases. When the content of iron 
equals manganese, the color deepens with the increase of the content of 
titanium. The deep green or black tourmalines are associated (in Schut- 
tenhofen) with rutile and ilmenite, while the blue tourmalines often con- 
tain tin and are associated with cassiterite. 

Scharizer (25) stated that lithium would be absent in the deeply 
colored tourmalines. Rammelsberg (26) and Sommerland (27) drew at- 
tention to the fact that red and pink tourmalines from Scheitauks con- 
tain manganese but no iron. Riggs (28) found that the red and pink 
lithium tourmalines contain manganese. Kuntz (29) believes that the 
red and pink colors depend on trivalent manganese and that scandium 
and cerium also contribute to the coloring. 

MacCarthy (30) attributes yellow and green colors to iron in various 
stages of oxidation. It seems that we should pay but slight attention to 
the ideas of Vernadsky (31) on the presence in the tourmaline of a 
kaolinic nucleus that, added to other groups, would give colors, as is the 
case in sodalite, haiiynite, and cancrinite. The presence of this nucleus 
does not appear to be in accord with the composition of tourmaline. 

In the opinion of Wild (32), the chromophores in tourmaline are Fe, 
Mg, Mn, and Co (magnesium would not cause color, but would have 
some influence on the others). Secondary agencies of color would be Ga 
and Sn; casual chromophores include Ni, Pb, Bi, and Sn. Wild assigns 
the responsibility of every color to a combination of elements. In the 
opinion of Holden (33), the color of rubellite is due to trivalent man- 
ganese (while the divalent and the tetravalent manganese would not af- 
fect the color), and colorization by heating would be a process involving 
reduction, 

Recently, T. W. Warner (34) made a spectrographic analysis of the 
tourmalines from San Diego,* and he has found the following elements 
present in every sample: Li, Na, Mg, Ca, Al, B, Mn, Si, V; and in some of 


* One sample is indicated as coming from Brazil. 
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them K, Cu, Fe, Pb, Sn, Ti, and Be. In the opinion of Warner, Li, Na, 
Mg, Ca, Al, and B have no influence on color; copper is more frequent in 
the green tourmalines than in those which are pink; instead, tin is more 
marked in the pink. 

Concluding our researches from the point of view of color, we may 
affirm that: 

The green color, as previously noted, is due to the presence of divalent 
iron. 

The pink color is due to the presence of manganese with lithium and 
caesium. 

The blue color is caused by the presence of copper, and particularly if 
strengthened by the strongly deforming action of Cu” in the same way 
as in the copper ammonium complex, where the deep blue color is due, 
according to Fajans, to the deforming action of Cu” on the electronic 
orbits of the molecule of ammonium. 
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ON THE SYNTHESIS OF NEPHELINE* 


Hevmut G. F. WINKLER, Mineralogical-Petrographic Institute, 
Gottingen, Germany. 


Since the procurement of oscillator quartz became progressively worse 
during the war, and since the synthetic production of quartz did not 
seem to be proceeding sufficiently well, Professor Carl F. Correns pointed 
out the possibility that nepheline, which is known to possess piezo- 
electric properties but occurs in too small size in nature, might be ob- 
tained in sufficient purity and size from a melt. In addition, it seemed 
desirable to attempt to replace sodium by other ions in order to improve 
the piezo-electric qualities. 

Fouqué, Michel-Lévy, Doelter, Bowen, Eitel, and recently, Tilley, 
have synthesized nepheline, NaAlSiO,. However, in each case the crystals 
were of microscopic size. Furthermore, in the synthesis of nepheline— 
as in Bowen’s experiments—carnegieite, the high temperature modifica- 
tion, rather than nepheline is first crystallized from the melt; nepheline is 
stable only below 1248° C. 

Lowering the temperature at which the crystallization of a phase be- 
gins can be brought about by the addition of a new component to a sys- 
tem. In addition, it has been known for almost a hundred years that in 
the synthetic formation of minerals the possibility of crystallization from 
the melt is enhanced greatly by the addition of suitable materials. These 
materials are called ‘“‘agents mineralisateurs,”’ “‘mineralizers,”’ or, in cer- 
tain cases, ‘‘crystallizers.” At first only gases which do not combine with 
any of the other substances were considered; gases, which merely through 
their presence, dispose these latter to crystallization. Subsequently the 
term mineralizer was expanded to include other materials, such as, for 
example, tungstic acid, boric acid, and the like. 

It was proposed to synthesize nepheline by finding a suitable mineral- 
izer, which, when added to a melt, would form a system with the com- 
ponents Na2O, AleO3 and SiO: in which nepheline would appear as the 
primary phase at temperatures below 1248° C. New experiments had 
to be undertaken since extremely little is known of the course of the re- 
actions in the presence of any one of the mineralizers, and because the 
views about them are so much at variance. In these experiments the first 
object was to secure the clearest and largest nepheline crystals possible, 
and the second was to obtain some answers to the admittedly very in- 
volved complex of questions about the so-called mineralizing effect. 


* English translation by Professor A. C. Swinnerton, Antioch College, Yellow Springs, 
Ohio, and Mr. Howard M. Schott. 


131 


132 HELMUT G. F. WINKLER 


CRYSTALLIZATION WITH THE ADDITION OF MINERALIZERS 


Experimentation started with a mixture of sodium carbonate, alu- 
minum oxide and anhydrous silicon dioxide in the stoichiometric propor- 
tions of nepheline, NagO: Al,O3: SiO =1:1:2. To this mixture were added 
quantities of the following substances, known to be mineralizers: sodium 
tungstate, sodium metaborate, vanadium oxide (V20s), ferrous oxide, to 
the extent of 15-20% by weight. Since this type of mixture was not 
completely melted at 1200° C., a further addition of LiF, in the propor- 
tion of 10% by weight, was made in order to secure a further lowering 
of the melting point. In this way nepheline crystals were obtained, in 
some cases at temperatures under 1200° C., and in the case of the 
metaborate plus LiF, crystals which reached the considerable size of 
4X2 mm. But these crystals always grew as “‘skeletons” with many 
glassy inclusions; hence still other mineralizers had to be found. It de- 
veloped that with the addition of fluorides only, nephelines were formed 
with the fewest glassy inclusions. Therefore, the nepheline-LiF system 
was investigated more carefully. The diagram of Fig. 1 was obtained 
which shows not a binary system, but rather a section through a com- 
plicated polycomponent system. 

Particularly worthy of note is the steep drop in the melting point curve 
on the nepheline side as the quantity of LiF increases. In the growing of 
crystals, especially from a melt, of the alkali-halogen type, the lowest 
possible melting point is to be desired for purely practical and material 
reasons, and especially since the vapor pressure of LiF is quite small at 
temperatures of less than 1100° C. 

From the diagram it is seen that crystallization of nepheline continues 
up to the eutectic at 86 mol % LiF (53% by weight). The eutectic is at 
908°. The synthetic nepheline has the same structure and the same 
planar spacings as the natural mineral. Optically its refractive indices 
w=1.532 and e=1.528 lie within the values that Bannister gives for 
natural nepheline, w=1.5299—1.5403 and e=1.5266—1.5371. Double 
refraction, too, is as low as in natural crystals. 

With more than 86 mol % LiF a new alkali-aluminum silicate is 
formed in hexagonal crystals up to 3.54.5 mm. This was recognized 
unmistakably as LiAISiO,, that is, as Li-nepheline. The crystals con- 
tained a certain limited amount of LiF but sodium could no longer be de- 
tected. The sodium has separated out from the silicate melt and has gone 
over to the lighter fluoride fraction as NaF. This Jiquid mixture is indi- 
cated in the diagram. 

The hexagonal crystals, which show only the faces of a pyramid, and, 
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more rately, those of a prism, vary optically from nepheline only in 
their somewhat lower refractive index: w= 1.524 and e=1.520. Li-nephe- 
line is found in nature as an alteration product of spodumene and is 
known by the name of eucryptite. It occurs only intergrown with albite, 
without forming independent single crystals. Earlier syntheses have made 
no crystals suitable for the determination of crystalline structure; hence, 
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NEPHELINE MOL -% LiF LiF 
Fic. 1. Melt Diagram of Nepheline-LiF. 


IJ. Nepheline+Silicate-Fluoride melt. 
III. Li-Nepheline-+Silicate-Fluoride melt. 
IV. Nepheline+Li-Nepheline+LiF+NaF. 
Cgt. = Carnegieite. 

Note: The melting points shown must be understood to include the fact that CO: is 
present in the system, since Na2CO; was used initially to obtain the component Na2O. Al- 
though COs: escapes to a considerable degree during the melting, a certain quantity does 
remain dissolved in the silicate melt and involves a limited lowering of the crystallization 
temperature of the silicate phase; it may be estimated from other experiments that the 
lowering of the temperature due to this cause amounts to about 20° C. 


the structure of eucryptite is still entirely unknown. It is not, however, 
an unimportant point, especially as concerns piezo-electric crystals. For 
if eucryptite has a polar axis as does nepheline, then it may display the 
property of piezo-electricity and possibly even in greater degree than 
nepheline. Therefore, the structural analysis should be carried out. 
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DEPENDENCE OF THE CRYSTAL SIZE ON THE AMOUNT OF 
LiF IN THE SYSTEM 


Upon addition of LiF to the components of the nepheline system, 
nepheline crystallizes out without difficulty in the form of hexagonal 
plates with a base and a short prism. So far as the size of the crystals is 
concerned, with 15° to 30° undercooling and with the addition of 5.5% 
by weight of LiF in the system, the crystals achieve a maximum diameter 
of only 0.8 mm., but with 19% by weight they reach a size of 2-3 mm.; 
in other words, increasing the LiF content causes the size of the crystals 
to increase. (See Figs. 2 and 3.) 


Fic. 2 Fic. 3 


However, with a LiF content higher than 19%, further increase in 
crystal size does not take place, although the conditions of the experi- 
ment had been so arranged that the growth to a still larger size was not 
limited by considerations of space or materia]. 

The nepheline which crystallized in the nepheline-LiF system reached 
the size of a few millimeters, as described above; but the crystals are 
physically defective, since they crystallized not as skeletons, as was the 
case in the experiments with the other mineralizers, but rather they con- 
tained a considerable quantity of inclusions. Experiments to obtain more 
homogeneous crystals by slow cooling (one degree C. per hour) were un- 
successful. 


SODIUM SILICOFLUORIDES Pius LIF as MINERALIZERS 


Recently silicofluorides have been used as mineralizers. Therefore ex- 
periments were undertaken in which, to the components of the nepheline 
system taken as equal to 100% by weight, 10% by weight of LiF and 
varying quantities of sodium silicofluoride were added. Crystals were 
obtained which were about 3 mm. in size and which contained somewhat 
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fewer inclusions. By varying the quantities of NagCO3, Al,Os, and SiOz, 
considerably better results were obtained. When this variation is carried 
out systematically, a picture is obtained of the extent to which the clar- 
ity, the formation of the faces (blockiness, holes, or flawless flat surfaces) 
and even the crystal size are dependent on the composition of a system, 
even when the changes in the composition occur within the relatively 
narrow margin of about 6%. As a result of many experients in which the 
addition of 10% by weight of LiF remained constant, the best combina- 
tions with NazCOs3, AlsOs and SiOz were found, yielding the clearest 
nepheline crystals up to this time, when 10, 16, or 22.5% of sodium silico- 
fluoride were successively introduced. These crystals had well formed 
faces (uniform reflection), and reached an optimum diameter and thick- 
ness. Crystals were obtained with a diameter of 5, 6, and even 7 mm. 
with a thickness of 1-2 millimeters. Small crystals of about 1 mm. were 
completely clear while larger ones had a slight veil of foreign inclusions. 

It may now be demonstrated that sodium silicofluoride has no unique 
effect which furthers crystallization. It is rather the NaF which is 
formed by simple reaction with the components present in the system 
that performs this function together with the LiF already present. It 
can also be shown that neither the SiO2 nor SiF4, which are set free by the 
reaction with the silicofluoride, has an effect on the formation of the 
crystals. 3 

From this special example of the synthesis of nepheline, one recognizes 
what conditions are necessary to obtain large clear crystals as free as 
possible from foreign inclusions. From the knowledge of the quantities 
of the various elements present in the system, and from the knowledge 
of all the phases occurring, one can picture the reaction complex pre- 
sented in this system. Thus one reaches the surprising conclusion that 
the best crystals are formed from combinations which are almost identical 
in their chemical composition with only a variance of a few per cent in 
the amounts of fluorine (and COs), although one actually started with 
three very diverse mixtures. The phases which accompany the formation 
of nepheline are always the same, and their mutual mass relationships 
seem to vary only slightly at most. Cryolithionite, NasAl(LiFs)s, and 
lithium fluoride (with some COz) were identified as phases accompany- 
ing nepheline. In addition, a small amount of a crystallized phase ap- 
peared which it was not possible to identify. Cryolithionite, LiF, and 
the unknown phase form a massive aggregate of tiny crystals which can 
only be determined by x-rays; the aggregate of tiny crystals is present in 
re-entrants in the nepheline crystals and on the upper surfaces of the 
crystallized charges. Taken as a whole, one can estimate the mass of the 
phases which are formed in an optimum system by weight thus: 
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80% nepheline 
10-12% cryolithionite 
5% lithium fluoride 
3-5% unknown phase 


(Calculated as a CO» free 
system, equal to 100%.) 


Thus it must be these accompanying phases which permit both the 
ready crystallization of the components into nepheline, as well as the 
possibility of growing large crystals. Obviously, the clarity of the crystals 
depends, for one thing, on the quantities of the components in the sys- 
tem having been so chosen that they agree with the stoichiometric pro- 
portions of the phases to be formed. If an excess is present, in general it 
will not be capable of crystallization and will be inclosed as glass by the 
growing crystal. 

Why exactly these particular accompanying phases work so well in the 
synthesis of nepheline is a question which cannot as yet be answered. 

It can be shown from the special case which has been cited that there 
are syntheses in which one cannot speak of a vague “‘mineralizing effect” 
of certain substances which have been added, even when these are 
fluorides and silicofluorides, for these substances form new phases within 
the framework of normal chemical reactions, constituting a complex sys- 
tem difficult to control and direct, but in which the desired crystals can 
grow flawless and relatively large. The accompanying phases which bring 
about the best conditions for crystallization can be only empirically as- 
certained, until the underlying causes have been recognized. 


AN ANOMALOUS THERMAL EFFECT IN QUARTZ 
OSCILLATOR-PLATES 


JosEpH S. Lukesu* anp Davin G. McCaa, Signal Corps 
Engineering Laboratories, Bradley Beach, New Jersey. 


ABSTRACT 


The oscillation frequency of a quartz oscillator-plate shifts abruptly when the plate is 
suddenly exposed to infrared radiation. The shift is downward for BT cut plates and up- 
ward for AT plates. That the effect is distinct from normal temperature drift is shown by 
the fact that it can be made opposite to the normal drift by proper orientation and dimen- 
sioning of the plate. The magnitude of the effect is about one part in one hundred thousand, 
for radiation intensities employed. Since the shift occurs only when the surface of the plate 
is differentially exposed, it is tentatively concluded that the cause is related to thermal 
strain. 


The discovery by Frondel! that the oscillation frequency of a quartz 
oscillator-plate could be substantially altered by prolonged exposure of 
the plate to x-radiation prompted the investigation of the effects of other 
wave lengths of radiation. It is the purpose of this note to describe a new 
thermal effect produced by radiant energy in the infrared region. Al- 
though the effect is of little or no practical use, its anomalous character 
is of sufficient scientific interest to warrant its discussion. 

If a conventional quartz oscillator-plate, such as is used in the CR 5 
unit, mounted in a holder which has been provided with a hole approx- 
imately one-quarter of an inch in diameter through both the plastic case 
and metal electrode, is suddenly exposed to infrared radiation while 
oscillating in a Pierce type circuit, an abrupt change in the fundamental 
oscillation frequency is observed. The source of radiation may con- 
veniently be a soldering iron operated below red heat, circa 500° C. For 
a plate having a fundamental frequency of about eight megacycles and 
with the source of radiant energy about three inches from the crystal, 
the change observed is of the order of eighty cycles per second, or ap- 
proximately one part in one hundred thousand. The jump in frequency 
is unrelated to the norma] frequency drift encountered as the temperature 
of the unit increases and, indeed, may be made opposite to it in direction 
by proper orientation of the oscillator plate. When the radiation is cut- 
off, the frequency again shifts abruptly, this time in the opposite direc- 
tion. 

That the effect is distinct from normal heating effects is amply demon- 
strated by the fact that the direction of shift is downward for BT cut 
plates, regardless of the direction of temperature drift. Thus, a plate so 


* Present address: Crystallographic Laboratory, Dept. of Geology, Massachusetts 
Institute of Technology, Cambridge, Mass. 
1 Frondel, C., Am. Mineral., 30, 432 (1945). 
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cut that its turning point is above room temperature and whose fre- 
quency, therefore, increases slowly as the unit is warmed, shows a drop in 
frequency on sudden exposure to infrared radiation. AT cut plates, on 
the other hand, show an upward jump, again regardless of the normal 
direction of drift, which may be negative in properly oriented and dimen- 
sioned plates. (The different direction of shift in the two cuts eliminates 
capacitance changes as a cause.) 

Since there appeared to be little chance of practical application of the 
phenomenon, no thorough investigation of it was made. Certain prelim- 
inary experiments were conducted, however, and the results of these will 
be described briefly. 

Rapidity of the Effect: If the oscillating crystal is brought to zero-beat 
with a standard oscillator and the Lissajous ring viewed on an oscillo- 
scope screen, the frequency shift can be seen as the stationary ring begins 
immediately to precess. For shifts of the order of one hundred cycles per 
second, the change appears to occur instantaneously. For smaller shifts, 
in which the precession of the ring is slower, some evidence of a finite 
length of time for the effect to build up can be observed. The length of 
time required must, however, be about the same as that for the eye to 
adjust itself to the new pattern. If the shift is followed audibly by the 
change in the beat note, the same results are obtained. With a rapid 
alternation of the infrared source off and on, a fluctuating beat note can 
be heard. Exposure of a BT cut plate having a positive temperature co- 
efficient results in an immediate change in the beat note followed by a 
gradual return to zero beat and beyond. The first change is the anoma- 
lous effect and the return is the normal frequency drift as the crystal 
warms. 

Magnitude of the Effect: As indicated previously, the infrared fre- 
quency shift is about one part in one hundred thousand of the funda- 
mental frequency for the radiation intensities employed. This applies 
particularly to BT cut plates. For AT plates, the shift is somewhat less. 
The magnitude is a function—probably exponential—of the fundamental 
frequency. This is shown by the following observations, Table 1, on an 


TABLE 1. ANOMALOUS SHIFT AS A FUNCTION OF FUNDAMENTAL 
FREQUENCY OF AN AT PLATE 


Fundamental Thickness Anomalous 


Frequency of Plate Shift 
2028.85 kc./sec. 033 in. +10 c./sec. 
3073.00 .022 +30 


4031.90 .016 +65 
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AT cut plate which was progressively reduced in thickness. The data in 
Table 1 were obtained using an infrared source, about 300° C., at about 
one and one-half inches from the oscillator-plate. They are not sufficiently 
accurate for purposes other than illustration. No effort was made, for 
instance, to take into account the possible influence of lateral dimensions 
of the plate on the magnitude of the shift. Actually, the plates were not 
“dimensioned.” Such a study might be informative. 

As would be expected, the magnitude of the effect varies inversely 
as the square of the distance from the source of radiation to the crystal. 
Exposure of both sides of the crystal simultaneously appears to double 
the amount of shift. 

Persistence of the Effect: Experiments conducted over periods of time 
up to two hours indicate that the effect is a continuing one. In one typical 
experiment, a plate was exposed continuously for two hours. At fifteen 
minute intervals, the radiation was momentarily cut off and the fre- 
quency shift noted. Although the fundamental frequency of the plate 


Fic. 1. The frequency of a BT plate as a function of time during exposure to infrared 
radiation, with periodic cut-off of radiation. Dotted line is the normal frequency; solid line 
the actual frequency. Cut-off results in abrupt shift back to the normal frequency (sche- 
matic). 

Fic. 2. The frequency of an AT plate as a function of time during exposure to infrared 
radiation, with periodic cut-off of radiation. Dotted line is the normal frequency; solid line 
the actual frequency. Cut-off results in abrupt shift back to the normal frequency (sche- 
matic). 


changed a great deal during the test, the magnitude of the anomalous 
shift did not change appreciably. Actually, it appeared to increase slightly, 
but this observation has not been confirmed. Under the conditions de- 
scribed above of continuous exposure, the crystal is oscillating at a fre- 
quency different from its normal frequency and cut off of the radiation 
causes a reversion to the normal. In the case of BT cut plates, oscillation 
during exposure is below the normal and cut off causes an upward shift. 
For AT cut plates, the opposite is true. This is shown schematically in 
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Figs. 1 and 2, where the solid lines are the actual oscillation frequency 
and the dotted lines the normal frequency. 

Influence of the Nature of the Surface: An oscillator-plate was etched 
sufficiently to be transparent and one side was roughened with aluminum 
oxide. Measurements were made of the anomalous shift with the rough 
surface and with the smooth surface exposed. The results were inconclu- 
sive, but exposure of the smooth surface appeared to give a higher shift. 

Plated Crystals: A silver plated BT cut crystal was removed from its 
holder and exposed to infrared radiation while oscillating. When the en- 
tire surface was exposed, no anomalous shift was noted. A small area at 
the center of the plate was cleaned of silver by nitric acid etching. A small 
anomalous effect was observed. Bertsch,” while verifying the existence of 
the effect, observed an anomalous frequency shift using gold plated BT 
cut plates mounted in a plastic holder with a one-quarter inch entry port. 
The plating was not removed from the surface. 

Effect of Cold Air: One of the more interesting aspects of the phenom- 
enon is the effect of cold air. If the source of radiation is replaced by a 
cold air blast directed at the exposed surface of the plate, a frequency 
shift opposite to that produced by infrared is observed. The abrupt shift 
is upward for BT cut plates and downward for AT. The reversion to the 
normal frequency appears to be somewhat slower, however, than when 
infrared is used. There was some indication that the magnitude of the 
shift decreases on prolonged exposure. 

Explanation of the Effect: A number of carefully controlled experiments 
will have to be conducted before other than a tentative explanation can 
be offered. It would appear, however, from the results of the experiments 
described above that thermal] strain is the most probable cause. Further 
weight is given to this theory by the following observations using entry 
ports of various designs. If the metal electrode with a single, quarter inch 
port is replaced by one with a number of small ports distributed ran- 
domly over the entire surface, the magnitude of the anomaly is reduced. 
If it is replaced by a screen grid so that almost the entire surface of the 
crystal is uniformly exposed, what anomaly remains is so slight that it is 
difficult to detect. 

The authors are indebted to Mr. Virgil E. Bottom for carrying out 
some of the preliminary experiments. 


? Bertsch, C. V., Personal communication. 


DETERMINATION OF XENOTIME 
C. OsBoRNE Hutton, University of Otago, Dunedin, New Zealand. 


ABSTRACT 


The rare yttrium phosphate, xenotime, has been recognised in river sands in North 
Westland, New Zealand. The optical properties of this mineral have been determined and 
they are compared with those of minerals with which xenotime might possibly be confused. 
It is shown that the positive diagnosis of xenotime is not as difficult a task as is suggested 
by a number of writers. 


OCCURRENCE AND MORPHOLOGICAL FEATURES 


During a recent mineralogical study of concentrates obtained from 
dredges working river alluvium in the Grey River—Mawheraiti River 
area, of North Westland, New Zealand—the rare phosphate, xenotime, 
was recognised; this mineral is an accessory or minor constituent of an 
assemblage that includes among other minerals, colorless zircon, hya- 
cinth, ilmenite, spessartite-almandine, monazite, and tantalum-cassiter- 
ite. 

The yttrium phosphate almost invariably occurs in short prisms show- 
ing a combination of m (110) with z (111). Rarely the form a (100) was 
noted in combination with m (110), but the latter form is always domi- 
nant. Infrequently a basa] plane has been developed, and such crystals 
may orient themselves in the mounting medium so that they exhibit ex- 
cellent centered uniaxial interference figures. However, this simple habit 
of the xenotime crystals contrasts sharply wih the complex combination 
of forms so characteristic of the colorless zircons associated therewith. 
For most of the grains a slight degree of rounding was not sufficient to 
prevent identification of the forms developed. 

Determination of the refractive indices in sodium light by the immer- 
sion method gave the following values: 

ew = 1.720 + 0.005. 


y = 1.827 
y— a= 0.107. 


The mineral is uniaxial and optically positive; in the larger grains an 
exceedingly faint dichroism was detectable according to the scheme: 
X = very pale yellow. 
Z = very pale yellowish-green. 
The colours were so weak that it was not possible to determine the in- 
tensity of absorption along X or Z with any degree of accuracy. Grains of 
xenotime did not fluoresce when exposed to ultra-violet radiation. 
Grains that pass a 230-mesh U.S.S. screen (aperture=62 microns), 
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appear to be quite colourless when immersed in refractive index liquids, 
but in oblique illumination under a binocular microscope, a very delicate 
yellowish-green colour is discernible for xenotime, a tint that contrasts 
quite distinctly with the more yellow colour of the associated monazite. 
Although in all examples examined, xenotime appears to be devoid of the 
dusty alteration products that appear to be so frequently developed on 
the surface of this mineral (Weinschenk-Clark, 1912, p. 232; Milner, 
1940, p. 353), dust-like opaque inclusions were noted in a number of 
grains. These could not be diagnosed with certainty but they are sus- 
pected to be magnetite, for they were readily soluble when finely crushed 
xenotime was treated with warm 5 N.HCl, and the solution gave a strong 
reaction for iron. The identity of some deep brown, semi-opaque inclu- 
sions could not be determined. 

Xenotime, even when free from inclusions, is moderately paramag- 
netic and in an electro-magnetic grading it was concentrated entirely 
with the monazite fraction. Qualitative chemical tests verified the pres- 
ence of abundant yttrium* and phosphorus. 

A comparison of the optical properties, determined by the writer, 
with those that have been recorded for xenotime by Winchell (1933, p. 
138), Milner (1940, p. 353), and Larsen and Berman (1934, p. 73), 
leaves no doubt as to the identification, although the value for y in the 
New Zealand mineral is slightly greater than that previously recorded. 

It was found that the diagnosis of xenotime by optical methods alone 
was, therefore, not necessarily such a difficult problem as has been indi- 
cated by Milner (1940, p. 354), Whitworth (1932, pp. 67-68), and many 
others, who have particularly stressed the invariable morphological and 
optical resemblance to zircon. Whereas there is little difference morpho- 
logically between crystals of xenotime and zircon of simple habit, some 
of the optical properties are quite distinct, and there should not be any 
necessity to have to resort to spectrographic methods for confirmation. 
Admittedly some difficulty might arise in the diagnosis of minute grains 
in a rock slice, but in heavy mineral residue investigations where free 
grains are available, immersion in methylene iodide (x= 1.738), or meth- 
ylene iodide-sulphur (m=1.788 approx.), should assist in leaving the 
determination in little doubt. On the other hand, the birefringence of 
xenotime is so much greater than that of zircon, that differentiation of 
the two minerals is possible after a little experience, even when they are 
immersed in Canada balsam, or clove oil (7=1.54 approx.). Further- 
more, confusion with titanite should not result owing to the very marked 
dispersion and the greater refractive index of the latter mineral. 


* For method used here see: The Analysis of Minerals and Ores of the Rarer Elements. 
W. R. Schoeller and A. R. Powell, 2nd Ed., p. 83 (1940). 
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In the initial stages of the writer’s work, however, some difficulty 
in the diagnosis of xenotime arose owing to the presence of grains of 
monazite that are nearly colourless when less than 62 microns in diame- 
ter, and are characteristically tabular parallel to the orthopinacoid. These 
monazite particles have been slightly rounded by abrasion and as a 
result the superficial appearance is similar to that of xenotime, or for 


TABLE 1. OpticaL DaTA OF ZIRCON, XENOTIME, AND MONAZITE 
Mineral or nD 
mounting a B OY (ap- y-a References 
medium prox.) 
Zircon 1.936 — 1.991 — 0.055 Milner (1940, p. 354); 
Winchell (1933, p. 184); 
Larsen & Berman (1934, 
p. 75). 
Zircon 1.926 — 1.985 —_— 0.059 Larsen & Berman (1934, 
p. 75). 
Zircon 1.924 — 1.968 — 0.044 Ford (1921, p. 521); Id- 
dings (1906, p. 416). 
Zircon 1.923-1.960 Sa 1.968-2.015] — |0.045-0.055| Ford (1932, p. 611). 
Zircon 1.925-1.931 —_— 1.985-1.993] — |0.060—-0.062) Rogers & Kerr (1942, p. 
306). 
Zircon 1.960 — 2.015 — 0.055 Iddings (1906, p. 416). 
Zircon 1.9313 — 1.9931 —_— 0.0618 Weinschenk-Clark (1912, 
FS pp. 350-351). 
Xenotime {7121 _— 1.816 — 0.095 Milner (1940, p. 354); 
Ford (1932, p. 700); 
Larsen & Berman (1934, 
p. 73). 
Xenotime not stated — not stated — high as in | Iddings (1906, p. 482). 
zircon 
Xenotime 1.7207 _ 1.8155 — 0.0948 Winchell (1933, p. 138). 
Xenotime 1.720 — 1.827 — 0.107 Westland, Hutton (this 
work) 
Monazite 1.787-1.800]1.788-1.801/1.837-1.849| — |0.045-0.055| Winchell (1933, p. 139); 
Larsen & Berman (1934, 
p. 138); Rogers & Kerr 
(1942, p. 223); Krum- 
bein & Pettijohn (1938, 
p. 437). 
Monazite 1.786 1.788 1.837 — 0.051 Ford (1932, p. 701) 
Monazite 1.7957 1.7965 1.8411 — 0.0454 Iddings (1906, p. 482). 
1.7863 1.7879 1.8373 — 0.0510 
Monazite 1.800 1.801 1.849 _ 0.049 Milner (1940, p. 314). 
Monazite 1.785 1.787 1.840 _— 0.055 Gordon (1939, p. 7). 
Monazite 1.787 1.789 1,839 _ 0.052 Westland, Hutton (this 
work). 
Clove oil — - _ 1.54 — — 
Methylene iodide a — — 1.738 —_— -- 
Methylene iodide- 
sulphur — — — 1.788 —_ —_ 
Tetra-iodo-acetylene _— — — 1.81 — _— 
Phenyl-di-iodoarsine — — — 1.843 — — 


144 C. OSBORNE HUTTON 


that matter, of slightly abraded zircons. Owing to the crystallographic 
development most of the grains of monazite tend to lie on the orthopina- 
coid and since the optic axial plane is almost parallel to (100), such crys- 
tals normally exhibit very nearly the maximum birefringence for that 
mineral. The refractive indices of Westland monazite, containing 5.32% 
ThOs, are rather lower than those often recorded for monazites (a= 1.787, 
B=1.789, y=1.839; y—a=0.052), but are similar to those determined 
by Gordon (1939, p. 7) for a thorium-free specimen from Bolivia. Thus 
in clove oil or in Canada balsam differentiation of almost colorless 
monazite from zircon or xenotime might be uncertain, but inspection of 
assemblages containing these minerals in methylene iodide or methylene 
iodide-sulphur mixtures enables accurate diagnoses to be made. 

A summary of the distinctive properties of xenotime, monazite, and 
colourless, or pale yellow zircon, is set out in Table 1, and the refractive 
indices of a number of standard immersion media employed in heavy 
mineral identifications have been added. 

Careful searching of a number of concentrates from New Zealand and 
foreign sources has shown xenotime to be present, and it is believed that 
this mineral is by no means the rarity that it has generally been consid- 
ered. Therefore the writer would like to stress the very real necessity for 
the use of high refractive liquids and mounting resins, when heavy 
mineral assemblages are being studied, otherwise recognition of a number 
of minerals may be difficult if not impossible. 

For a preliminary investigation of heavy mineral assemblages the fol- 
Jowing procedure has been found to be most useful and is appended 
herewith in the hope that it may assist other investigators on such 
problems: 

1. Screen the heavy mineral fraction; the screens most used are 

U.S.S. Nos. 60, 120, and 230, with mesh diameters of 250, 125, and 
62 microns, respectively. 

2. Mount a portion of each fraction after careful splitting in Canada 
balsam (~=1.54) and in hyrax (~=1.70) for permanent reference 
and study. 

3. A complete and thorough investigation of the mineral assem- 
blages requires that portions of each screening should be exam- 
ined in a-monobromnaphthalene (n=1.65), methylene iodide (n 
= 1.738), methylene iodide-sulphur (m= 1.788), tetra-iodo-acetylene 
(n=1.81), and possibly phenyl-di-iodoarsine (n= 1.84-1.85). 
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SYNTHESIS OF NORBERGITE AND CHONDRODITE BY 
DIRECT DRY FUSION 


KALERVO RANKAMA, Saratoga Springs, New York. 


ABSTRACT 


Experiments were carried out in order to study the synthetic preparation of the minerals 
of the humite group by a single crystallization from a dry melt. The reaction products were 
identified by their optical properties and x-ray powder photograms. Below the melting 
temperature of magnesium fluoride the reaction between this compound and forsterite took 
place in a solid state. Artificial norbergite and chondrodite were obtained in which the 
hydroxyl groups were completely replaced by fluorine. The products were nearly or com- 
pletely iron-free. Attempts to synthetize clinohumite and certain hypothetical upper 
members of the family failed, pure magnesium orthosilicate being obtained instead. Nor- 
bergite, chondrodite, and sellaite crystallized from a melt with a composition between 
sellaite and norbergite. 


INTRODUCTION 


Contrary to many common rock minerals which have been repeatedly 
prepared by the successful efforts of mineralogists and mineral chemists, 
the humite group, up to the present, seems to have gained only slight 
attention. The earliest attacks upon this problem were made by the 
famous French school of mineral chemists, nearly a century ago. Thus, 
Daubrée (1851, p. 627), by passing SiF, over MgO in a porcelain tube 
at dark-red heat, obtained a fibrous fluorine-bearing silicate, with a 
specific gravity equal to that of chondrodite, and showing a close chem- 
ical analogy with the last-mentioned mineral. Sainte-Claire . Deville 
(1861), on the other hand, under similar circumstances reported only 
the formation of vitreous or crystalline silicates with a composition en- 
tirely different from that of chondrodite and humite. 

In 1889 Doelter, in an important paper on mica synthesis, reported 
the occurrence of what he thought to be chondrodite in one of the experi- 
ments yielding no mica (1889, pp. 70-71). The synthesis was accom- 
plished by dry fusion of actinolite (‘‘Strahlstein’’), nearly or totally de- 
void of alumina, with calcium fluoride and a little sodium fluoride. This 
result further led him to fuse MgsSiO, with a 5-fold amount of MgF» 
and a little Naz. The experiment resulted in the formation of yellow- 
brown rectangular grains, thought possibly to be humite (op. cit., p. 72). 

The next attack upon the problem was made by Jander and Fett in 
1939. These authors carried out a series of hydrothermal experiments in 
bombs at different temperatures (360° to 600° C.) and pressures, starting 
from a mixture of the oxides MgO and SiO. with H,xO+HeFs, or MgFs. 
The reaction products were identified by their x-ray diffraction patterns. 
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Jander and Fett claim that the presence of a minimum of 6% Fy is 
necessary for the hydrothermal formation of chondrodite (1939, p. 158). 
Humite was also obtained by these authors in their experiments. 

The chemical composition and atomic arrangement of the minerals of 
the humite group reveal interesting examples of close morphotropic and 
chemical relations existing between its members. Through the classical 
studies of Sjégren and of Penfield and Howe, and by Geijer’s discovery 
of norbergite as the first member of the series, the chemistry of this group 
can be presented in the following way: 


Norbergite, Mg(F, OH)2-MgeSiO.; 

Chondrodite, Mg(F, OH)2: 2Mg.SiO,; 
Humite, Mg(F, OH)2:3Mg2SiO,; 
Clinohumite, Mg(F, OH)2:4Mg2SiO.. 


The crystal structures of the members of the humite group have been 
investigated by Taylor and West. They consist of slabs of the olivine 
structure and of magnesium hydroxide alternating with each other. In 
norbergite layers of Mg(OH)s alternate with layers of MgeSiO,. In 
chondrodite two slabs of MgeSiO, are followed by one Mg(OH)s, in 
humite every fourth slab is Mg(OH)e, and in clinohumite every fifth 
slab. In natural humite minerals part of Mg? is always diadochically 
replaced by Fe?+ and by Mn”, and a part of OH™ by F-. 

As the construction of the idealized structures of the humite minerals 
can be carried out merely by stacking together unit blocks of MgeSiO, 
and Mg(OH)., it was thought to be worthwhile to try to carry out the 
synthesis of the minerals proper by direct coupling of the lattice units. 
Seeing that OH™ in these lattices is partly replaced by F-, experiments 
were carried out in order to try to produce hydroxyl-free members of 
this group by dry fusion of forsterite and magnesium fluoride at atmos- 
pheric pressure. The synthetic minerals, if obtained, were thought to be 
comparable with the fluorine-bearing amphiboles produced by Bowen 
and Schairer (1935), and with similar phlogopites and hornblendes ob- 
tained by Grigoriev (1934. 1935), and by Grigoriev and Iskiill (1937). 
In case of humite minerals, however, attention must be paid to the 
fact that the Mg(OH)e has a lattice of the cadmium iodide type, while 
MgF; has the symmetrically coordinated rutile structure. The complete 
replacement of OH- by F- in the lattice would thus be expected to 
correspond to a decrease in polarization. 


APPARATUS AND REAGENTS 


The forsterite used in the experiments was obtained from a dunite 
sample from Almklovdalen in Sgndm¢gre, Norway. The mineral was 
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separated from the crushed rock sample by means of Clerici solution. Its 
properties were determined as follows: 


FeO 6.67% 
MnO 0.07% 
Sp. gr. 3.199-3 .202 
a = 1.648 
B ~ 1.669 
y = 1.688 


Composition: FogoF ajo. 


A magnesium fluoride preparation (“gefallt, doppelt gereinigt”) of 
Riedel-de Haén, Berlin, was used. The determination of its properties 
gave the following results: 


FeO 0.12% 

MnO 0.00% 
O—weoid 
e = 1.388 


In all, 16 fusions were carried out. For the first experiments, 1-3, a 
high temperature furnace with silicon carbide heating units was used, 
and the charges were placed in platinum crucibles. The temperatures 
were measured with a Pt-PtRh thermoelement. All other fusions were 
carried out in a cryptole furnace in small graphite crucibles. In this case, 
the temperatures were measured with an optical pyrometer. In all these 
experiments the charge was heated to 1600°-1700° C., and the values 
given below will represent the average temperatures in this range. One 
gram of forsterite was weighed out for every fusion, and an amount of 
MgfF», calculated to give the charge the desired composition, was care- 
fully mixed with the former. After the fusion, the crucible was allowed 
to coo] down in the furnace. The reaction products were studied in thin 
sections. Refractive indices of the compounds formed were determined 
by the immersion method. The error in these determinations is +0.002. 
In addition, axial angles were determined with the universal stage when 
possible, with an error of +2°. The compounds were identified by com- 
paring their x-ray powder photograms with those of the natural minerals. 


EXPERIMENTS 


2. A mixture with the composition of norbergite was heated for 1 hr. 
at 1290° C. and allowed to cool down in the furnace for 1 hr. The product 
obtained was a loose light brown powder. Forsterite and magnesium 
fluoride had completely disappeared. The mass was homogeneous, and 
the determination of the refractive indices gave: a>1.550, y<1.595. 
The diffraction pattern obtained from the reaction products was identi- 
cal with that of natural norbergite. 
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3. The composition of the charge was the same as in Exp. 2. Now, 
the mixture was heated for 2 hrs. at 1350° C. and allowed to cool down 
as above. The reaction product consisted of a partly sintered light brown 
powder with refractive indices: a>1.550, y<1.595. The product was 
homogeneous and the powder photograms proved the presence of nor- 
bergite. 

6. A third charge of norbergite was heated for 2 hrs. at 1620° C. and 
allowed to cool down overnight. The cake was crystalline and consisted 
of white lath-shaped crystals up to 2 mm. long. Megascopically, small 
blebs of graphite could be distinguished in the mass. The parts of the 
cake next to the walls and the bottom of the crucible contained small 
rounded iron globules. The hardness of the crystals was approximately 
6. They did not gelatinize, or dissolve, when treated with boiling con- 
centrated or dilute hydrochloric acid. The determination of the refractive 
indices revealed the presence of three different phases with the following 
indices: 

(1) a = 1.564, B~1.567, y = 1.592; 
(2) a~ 1.591, + ~ 1.630; 
(3) a~ 1.641, B~1:655, ¥ = 1.667. 


The greatest part of the reaction products consisted of the phases (1) 
and (2), amounting to approximately 40% and 50% of the total mass, 
respectively, while the amount of the third phase was about 10% of the 
total mass. 

In thin section the mass was found to consist of colorless subhedral 
or anhedral lath-like crystals measuring from 0.02 to 2.3 mm. in length. 
One poorly-developed direction of cleavage, parallel to the elongation 
of the crystals, was found in some cases. Hematite blebs were present, 
and narrow graphite and hematite strings, parallel to the elongation, 
were often found in the crystals. Two different phases were easily dis- 
tinguished under the polarizing microscope, one of them with extinction 
paraJlel to the elongation; in the other, the maximum elongation angle 
observed, as measured from the trace of the outline, was 30°. Twinning 
was present in many grains; the twinning plane was parallel to the elonga- 
tion. Sometimes laths with higher refractive indices and inclined ex- 
tinction were found to be surrounded by a shell with lower refraction and 
parallel extinction. The axial] angle, 2V,, of the latter was 44° while that 
of the kernel was Jarge. All the phases were optically biaxial, positive. 
The x-ray diffraction pattern of the reaction products was exceedingly 
similar to those of natural norbergite and chondrodite. From the above 
properties, the products consist of norbergite, chondrodite, and forsterite. 

12. Still another norbergitic charge was treated as in Exp. 6. Also in 
this case the cake was crystalline, but the crystals were smaller than in 
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the previous experiment. Only in the part next to the bottom of the 
crucible could small white subhedral laths be seen in the cake; while the 
upper portion consisted of a white mass of small anhedral grains, with 
occasional blebs of graphite and layers of hematite, which were parallel 
to the surface of the charge and gave the whole a herringbone structure. 
On the free surfaces the cake had a pearly luster. Small iron globules 
adhered to the surfaces close to the walls of the crucible. The hardness of 
the cake was about 6. The determination of the refractive indices again 
revealed the presence of three compounds, viz. 
80% with y ~ 1.590, 
5% with 7 ~ 1.630, 
15% with y ~ 1.668. 


The percentages are approximate. 

Tn thin section, a few subhedral laths were found, measuring up to 0.7 
mm. in length. They were biaxial, positive, and sometimes twinned, 
the twinning plane being parallel to the elongation. One poorly devel- 
oped cleavage direction, parallel to the elongation, was occasionally 
observed. The axial angle was large. The maximum extinction angle ob- 
served, as measured from the trace of elongation, was 24°. The main 
part of the material, however, was present as small anhedral grains of 
uniform orientation, their elongation being vertical to the bottom of the 
crucible. The extinction was parallel to the elongation. The diffraction 
pattern was, again, similar to those of natural norbergite and chondro- 
dite. To judge by their properties, the reaction products include nor- 
bergite, chondrodite, and forsterite. 

7. The charge of this experiment had the composition of chondrodite. 
It was heated for 3 hrs. at 1640° C. and allowed to cool down for 5 hrs. 
The resulting cake was coarsely crystalline and consisted of white lath- 
shaped crystals with a hardness of about 6. They were not decomposed 
when boiled with dilute or concentrated HCl. Graphite and occasional 
pellets of iron adhered to the parts next to the crucible. 

Under the polarizing microscope the mass was found to consist of 
colorless elongated lath-like crystals, some of which were euhedral and 
showed the characteristic olivine-like outline. In these extinction was 
parallel to the elongation. The length of all grains was between 0.4 and 
0.8 mm. The major part consisted of subhedral laths, with occasional 
twinning and cleavage cracks parallel to the elongation. The maximum 
extinction angle observed in these grains, measured as in previous cases, 
was 14°. Both compounds were biaxial, positive, and the axial angle of 
the latter, 2V,, was 68°-70°. The interstices of the laths consisted of 
small anhedral grains with somewhat lower refractive indices, finely 
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disseminated graphite, and hematite. The determination of the re- 
fractive indices gave the reaction products the following approximate 
composition: & 

10% with vy ~ 1.620; 


60% with a~1.611, 8~1.620, y = 1.640; 
30% with B~ 1.654, y~ 1.668, 


The x-ray powder photogram of the reaction products was similar to 
that obtained from natural chondrodite. According to their properties 
the reaction products consist of chondrodite and forsterite. 

9. Another charge with the compositon of chondrodite was heated for 
2 hrs. at 1600° C. and allowed to cool down for 3 hrs. The products con- 
sisted of white lath-shaped crystals, this time with many inclusions con- 
sisting of small pellets of iron, blebs of graphite and, occasionally, 
hematite. Megascopically, the cake had a gray color. In thin section, the 
silicate material was found to form a colorless irregular mass of sub- 
hedral lath-like crystals with a maximum length of 0.7 mm. A few 
cleavage cracks parallel to the elongation of the laths were observed. No 
twinning was present. Some of the grains had extinction parallel to the 
elongation, while in other grains the maximum extinction angle observed, 
measured from the trace of elongation and of the cleavage cracks, was 
33°. All the material was optically biaxial and positive. The determina- 
tion of the axial angle of some grains gave 2V, of 72°-74°. The refractive 
indices for the main portion of the material were: a=1.607, B=1.620, 
y= 1.640. In addition, material was present with y~1.665. The powder 
photograms of the reaction products were identical with that of natural 
chondrodite. The reaction products evidently consist of chondrodite and 
a little forsterite. 

8. The charge had the composition of clinohumite. It was heated for 
3 hrs. at 1650° and allowed to cool down overnight. The cake consisted 
of small white irregularly shaped crystals, not acted upon by hydro- 
chloric acid. Inclusions of metallic iron, graphite, and hematite were 
present. In thin section, a network was visible, consisting of short sub- 
hedral colorless laths 0.2 to 0.3 mm. in Jength, and containing numerous 
inclusions of the material stated above, as blebs or finely disseminated 
matter. Cleavage cracks parallel to the elongation were sometimes 
present. No twinning could be established. The extinction was parallel 
to the elongation. The material was biaxial, positive, with a large axial 
angle. Its refractive indices were: a=1.633, B=1.644, y=1.664. The 
powder pattern given by the reaction product corresponded with 
that of forsterite. By its properties, the compound obtained in this ex- 
periment is magnesium orthosilicate. 
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10. Another charge of clinohumitic composition was heated for 2 hrs. 
at 1640° C. and allowed to cool down overnight. Megascopically, short 
lath-shaped white crystals, graphite, and metallic iron were found to be 
present in the cake after fusion. The cake was quite brittle, and no thin 
section of it could be prepared. The determination of the refractive in- 
dices yielded the following results: a=1.632, B=1.644, y=1.664. The 
powder pattern was similar to that of forsterite. The reaction product, 
according to its properties, is magnesium orthosilicate. 

15. The charge had, again, the composition of clinohumite. It was 
heated for 2 hrs. at 1600° C. and allowed to cool down overnight. The 
properties of the reaction products were similar to those in the previous 
experiment. The determination of the refractive indices revealed the 
presence of two compounds, viz. 


5% with a~ 1.610, 
95% with a= 1.631, B=1.644, vy = 1.663, 


the percentages being approximate. The powder diffraction pattern was 
similar to that of forsterite. The reaction products consist of magnesium 
orthosilicate, with minor amounts of chondrodite. 

In order to study the possibility of obtaining hypothetical members of 
the humite group, some of which have been supposed to exist according 
to Bragg (1937, p. 153), the following experiments were carried out, 
starting with smaller and greater amounts of forsterite than is known to 
enter into the formulas of the known minerals in this group. 

16. The charge had the composition MgF2:4MgeSiO,. It was heated 
for 2 hrs. at 1600° C. and allowed to cool down overnight. Megascopi- 
cally, the cake was composed of white lath-shaped crystals with hema- 
tite and graphite blebs, and a large number of iron globules on the sur- 
faces next to the walls of the crucible. The crystals were neither gelatin- 
ized, nor dissolved, when treated with boiling hydrochloric acid. 

Three different crystalline substances were found to be present in a 
thin section of the cake. The mass consisted of colorless slender subhedral 
laths, ranging from 0.06 to 3.9 mm. in length, and of smaller more eu- 
hedral rectangular grains with the form of thick prisms. Twinning was 
often present, especially in the smaller grains, and cleavage cracks paral- 
lel to the elongation of the grains were usually observed. By the deter- 
mination of the extinction angles the presence of two different substances 
was established, one of which had extinction parallel to the elongation, 
while the maximum extinction angle observed in the other, measured as 
in the above experiments, was 33°. Both compounds were often inter- 
grown, in which case the center of the grain was usually twinned and 
had inclined extinction and higher refraction, while the shell consisted 
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of material with parallel extinction and lower indices of refraction. Both 
were biaxial, optically positive. The axial angle, 2V,, of the former com- 
pound was 63°, and that of the latter one 42°-48°. The determination of 
the refractive indices gave following results: 


(1) a~1.552, B~ 1.560; 
(2) a~1.575, 6=1.588, y= 1.604. 


The main part of the reaction products consisted of the substance with 
the lower refraction. 

The interstices between the laths were filled with small anhedral 
grains and their aggregates, characterized by their high negative relief. 


Fic. 1. Laths of synthetic norbergite and chondrodite (light gray) with irregular 
grains of sellaite (dark gray) in thin section. Exp. 16. Magn. 27 . 1 nicol. 


A few grains were observed which developed forms similar to a four- 
pointed star. This compound was optically uniaxial, positive. According 
to its properties, it is recrystallized magnesium fluoride, or sellaite. 

A photomicrograph of the reaction products is presented in Fig. 1. 

From the x-ray powder photogram, the presence of magnesium fluoride 
could be further established among the reaction products, while the pat- 
tern in other respects was similar to that yielded by natural norbergite. 
From the above properties, the reaction products consist of norbergite, 
chondrodite, and sellaite. 

11. A mixture with the composition of MgF2:83 Mg2SiO. was heated 
for 2 hrs. at 1640° C. and allowed to cool down overnight. The reaction 
products consisted of small white crystals, iron pellets, and graphite, as 
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in the above experiments. The last-mentioned mineral, as small inclu- 
sions in the mass, was quite common. The determination of the refractive 
indices of the crystals gave: a= 1.633, B~ 1.644, y=1.663. The powder 
photogram of the substance was similar to that of forsterite. The above 
properties reveal the reaction product to consist of this compound. 

14. A charge of similar composition as in Exp. 11 was heated for 2 hrs. 
at 1600° C., and allowed to cool down overnight. Megascopically, the 
cake was composed of small white crystals with inclusions of iron, hema- 
tite, and graphite. Due to the numerous inclusions, the color of the cake 
was gray. In thin section, it was found to consist of colorless crystalline 
matter with much opaque material. The crystalline substance was pres- 
ent in form of usually small anhedral (length 0.02 to 0.14 mm.) grains. 
The outlines of the more well-developed grains were similar to those of 
olivine crystals. Neither cleavage or twinning was present; the extinction 
was parallel to the elongation, and the crystals were biaxial, positive. 
The determination of the refractive indices gave: a=1.633, B~1.645, 
vy = 1.663. The axial angle, 2V,, was 80°-84°. The x-ray diffraction photo- 
gram proved the presence of forsterite. 

13. In this experiment, the charge was highly forsteritic, with the 
composition MgF2-17Mg2SiOu. The mixture was heated for 2 hrs. at 
1600° C. and left to cool down overnight. The cake consisted of very 
small white crystals. Due to the occurrence of numerous graphite and 
iron inclusions, the mass had a dark gray color. The determination of the 
refractive indices yielded the following values: a=1.633, B=1.644, 
y= 1.664. The x-ray diffraction pattern of the reaction products was 
similar to that of forsterite, thus proving the presence of this compound 
as resulting from the experiment. 


DISCUSSION OF RESULTS 


The experiments described above seem to make apparent that, in some 
cases at least, it is possible to produce synthetic minerals belonging to 
the humite group by simple crystallization from a dry melt. As the 
products are different from the natural minerals which always contain 
hydroxyl groups, replacing a part of the fluorine, it seems to be appropri- 
ate to call the water-free synthetic products obtained fluor-norbergite 
and fluor-chondrodite, respectively. No experiments have been made 
with melts of the composition of humite. The attempts to produce clino- 
humite and certain hypothetical upper members of the group have thus 
far failed, magnesium orthosilicate being obtained instead. In these 
cases the amount of MgF, present was too small to produce an easy 
melting of the charge, as is seen by the properties of the reaction products 


SYNTHESIS OF NORBERGITE AND CHONDRODITE 155 


and by the incomplete separation of the metallic phase. It seems to be 
evident, from these experiences, that the artificial preparation of clino- 
humite, if at all possible, must be tried at temperatures exceeding that 
necessary for the melting of forsterite. 

It also seems to be apparent that the reaction between forsterite and 
magnesium fluoride will take place even at temperatures below the 
melting points of these compounds. Thus, in experiments 2 and 3, these 
components disappeared during the heating of the charge for one or two 
hours at 1290°-1350°, norbergite being formed instead. The reaction 
has evidently taken place in a solid state. 

To judge from the above experiments, there seems to occur a general 
tendency towards an easier crystallization of the silicate phase, and a 
more complete separation of the reduced iron phase, with an increase 
in the MgF» content of the melt. 

An explanation of the simultaneous formation of the humite minerals 
with different compositions and, likewise, of magnesium orthosilicate in 
melts with clinohumitic composition, may be found in the occurrence of 
metallic iron among the reaction products. In the highly reducing atmos- 
phere in the furnace, the iron present in the forsterite lattice is reduced 
to metal and, thereby, an excess in SiO in the melt is brought about. The 
iron is removed, in most cases evidently completely, and pure mag- 
nesium compounds crystallize from the melt. As the composition of the 
charges was calculated under assumption that a diadochic replacement 
of Mg*+ by Fe?+ would result in the reaction products, the mineral 
composition of the crystallized melt is often more complicated than can 
be expected from the composition of the charge. In experiments yielding 
only forsterite, an excess of MgF2 was present in the melt. As renewed 
checking of the refractive indices of the reaction products did not reveal 
the presence of any grains with indices below 1.500, it must be assumed 
that MgF> either has escaped from the melt or is camouflaged by graphite 
abundantly present in the cakes; or, that a reaction has taken place be- 
tween magnesium fluoride and carbon, leading towards the formation of 
magnesium carbides. 

Special attention must be paid to Exp. 16. Here the reaction products 
consisted of fluor-norbergite with minor amounts of fluor-chondrodite. 
The excess of MgF, in this case, crystallized from the melt in the form 
of sellaite. Consequently, no intermediate step between sellaite and nor- 
bergite seems to be possible. 

No direct comparison of the refractive indices can be made between the 
natural humite minerals and those artificially produced, due to the lack 
of chemical analyses in the latter case. As to the natural humite minerals, 
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Larsen (1928, pp. 354-359) found a tendency towards a decrease in the 
indices of refraction with the increase in the fluorine content. A similar 
conclusion was made also by the present writer (Rankama, 1938, p. 
91), on a later occasion. In the amphibole group, Bowen and Schairer 
(1935, p. 549) noted that the refractive indices of synthetic fluor- 
amphiboles are lower than those in the hydroxy-amphiboles. Their ob- 
servation was further verified by Grigoriev and Iskiill (1937, p. 173), 
in regard to a regenerated amphibole rich in fluorine. 

In the present case, all the products obtained are completely devoid 
of water. Consequently, nothing can be said as to the effect of fluorine 
and water on the refractive indices in the humite group. The indices of 
refraction of synthetic magnesium fluor-norbergite agree with the values 
given in literature for the natural mineral, and thus would indicate that 
the iron compounds were not completely reduced. In Exp. 16, on the 
other hand, the exceptionally low refractive indices of both norbergite 
and chondrodite may be explained by the complete reduction of the iron 
compounds to metallic iron. 

The magnesium orthosilicate obtained in the experiments is evidently 
very pure, to judge from its optical properties. Its indices of refraction 
are decisively lower than those of the forsterite used in the fusions. In 
experiments yielding magnesium orthosilicate as the main or single 
component, the refractive indices seem to be even a little lower than 
those reported in the handbooks for pure magnesium orthosilicate. This 
would, perhaps, suggest a partial replacement of O? by F~ in the lattice. 

By the complete replacement of the hydroxyl groups in the lattices of 
norbergite and chondrodite by fluorine, the chemical resistance power of 
the compounds evidently will increase. The synthetic fluor-norbergite 
and fluor-chondrodite are insoluble in hydrochloric acid of any concen- 
tration, while the natural humite minerals are easily gelatinized by this 
acid. 
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ALTERATION STUDIES* 
Paut F. Kerr, Columbia University, New York City. 


Mineralogy is rich in the lore of pure science. Lately, this heritage has 
been called upon for substantial aid in the service of the nation. In the 
years to come it seems likely that mineralogy will be asked to furnish 
even greater contributions. The purpose of this discussion is to outline 
but one of the major opportunities for further service which is now emerg- 
ing on the post war horizon. 

Mineral industry finds itself in somewhat of a dilemma. On the one 
hand, new mineral deposits are becoming more difficult to find. On the 
other, known deposits continue to be depleted ever more rapidly. The 
alternatives are simple. Either the rate of discovery must increase, or 
metals necessary to modern civilization will become economically un- 
available. 

Leaders are becoming aware of this situation, and increased emphasis is 
being placed upon the search for new methods of exploration. The 
techniques of engineering, physics, chemistry, geophysics, geology, and 
mineralogy are being scanned as never before to discover fundamental 
phenomena which may be applied in finding mineral deposits. A product 
of this survey of special interest to mineralogists, which has received 
particular impetus of late, is the study of rock alteration associated with 
ore deposition. 

The term “alteration study” has been applied to the investigation of 
clays and other fine mineral aggregates often found within or near 
mineral deposits. Most frequently, the deposits considered contain cop- 
per, zinc, lead, silver, or other metals. Localities are found in and around 
many of the igneous intrusives of the western United States. 

Areas of alteration which contain clay vary widely in their dimensions. 
Some may form an envelope a few feet in thickness along the walls of a 
vein. Others may comprise areas traceable for thousands of feet or even 
miles. Alteration phenomena occur in various rock types, but are perhaps 
most effectively studied when found in igneous masses. Stocks, flows, 
sills and dikes often provide the locale in which progressive clay-mineral 
alteration may be observed. 

Suites of alteration minerals contain a variety of species, but delinea- 
tion of zones or stages appears best established when attention is directed 
to a comparatively small number of the most significant species. The 
common clay minerals, sericite, jarosite, alunite, limonite, pyrite, various 
carbonates, and fine quartz are among the most significant. 


* Address of the retiring President of The Mineralogical Society, delivered at the twenty- 
seventh annual meeting of the Society, Chicago, Illinois, December 26, 1946. 
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Where alteration is a weathering effect, or is entirely supergene, these 
studies have little application. On the other hand, where recognizable 
processes are hypogene the relationship of alteration to the formation of 
the ore minerals may be particularly significant. It is with the latter 
that we are most concerned. 

The technique of alteration study is one of combined field and labora- 
tory investigation. Field study includes careful geologic mapping with 
instrumental control and in sufficient detail to delineate significant al- 
teration zones. Among the laboratory techniques employed, the two 
which are probably most useful are microscopic and x-ray examination. 
These two methods may be supplemented on occasion by chemical analy- 
sis, hydration study and frequently by differential thermal analysis. In 
some instances photographs with the electron microscope are desirable. 
For example, electron micrographs of halloysite are particularly sig- 
nificant. 

Clay mineral techniques have been improving constantly since Ross 
and Shannon (1926) published their classic paper on the montmorillonite 
group. With the stimulus provided by early work numerous scientists in 
mineralogy and allied fields became active in furthering clay mineral 
studies. Due to the cumulative efforts of these investigators, the princi- 
pal clay mineral groups have been established and much has been 
learned about their relationships and fundamental nature. As a result of 
modern studies the nomenclature of the clay minerals has been greatly 
clarified and many obscure and invalid species eliminated. The kaolin 
group has been established. Montmorillonite has become known as a 
group and has become better understood. The hydromica group, or as 
some say, the “‘illite’” group, has received recognition. The relationships 
of subsidiary clay minerals to the chief groups and related species are 
becoming better established. Such progress in 21 years indicates that the 
clay minerals may now be said to be of age. 

Although the clay minerals may have but recently become of age, the 
applica tion of clay mineral technique to alteration studies has been in 
progress for several years. The need for coordinated field and laboratory 
investigation was emphasized by Mr. Reno Sales in an address delivered 
in 1938. He especially stressed the desirability of more research covering 
chemical changes in wall rocks associated with ore deposits. Mr. Sales 
has not only recognized a need but has taken active steps to work out a 
solution. Under his direction, Mr. Charles Meyers of the staff of the 
Anaconda Copper Co. has carried on studies of wall rock alteration 
associated with the veins at Butte, Montana. The laboratory at Butte 
has also contributed to alteration studies through the development of 
an improved technique in the cutting of thin sections of alteration mate- 
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rials, as described by Mr. Meyers. Large slices not much greater in thick- 
ness than a standard thin section are cut by a saw in a single operation. 

Schroter and Campbell (1940) called attention to a clay deposit of 
hydrothermal origin. It consists of a large mass of halloysite which occurs 
in the workings of the Dragon Consolidated mine, in the Tintic district 
near Eureka, Utah. The writer visited the Dragon Consolidated mine 
during the summer of 1945 with Mr. Dudley Davis of the International 
Smelting and Refining Company. The deposit was originally mined for 
gold, but in recent years a considerable number of carloads of high grade 
halloysite have been shipped. The halloysite body occurs along the con- 
tact between a monzonite intrusive and Paleozoic sediments, where it 
marks a zone of hydrothermal alteration. Some distance away, lead-zinc 
ore bodies have been mined from the sediments along the same channel 
of mineralization. 

One of the most active students of alteration has been Dr. T. S. 
Lovering. His earlier work in the Boulder, Colorado, tungsten district 
and more recent studies in the East Tintic district of Utah are of par- 
ticular interest. Compared to some of the large zones of alteration in the 
copper districts of the west the alteration zones at Boulder are minor: 
features. On the other hand, the symmetry of the alteration envelopes 
and the zonal grouping of the clay minerals provide criteria of more than 
local significance. 

In the East Tintic district the alteration which has resulted in clay 
zones has long attracted attention. In places clay zones are so prominent 
that exploration ventures have been based in part at least on their exist- 
ence. As a result of the work of Mr. Paul Billingsley, Dr. M. B. Kildale 
and others, important ore bodies have been found. 

For several years Dr. Lovering and his associates have sought to ap- 
ply alteration study techniques to geologic mapping in the East Tintic 
district. Through Dr. Lovering’s kindness, the writer had an opportunity 
to spend several days with the East Tintic field party in the summer of 
1945. The East Tintic studies have been directed in particular toward the 
observation of alteration in the Packard rhyolite together with a study 
of changes with depth or lateral changes at a given depth. Rhyolite 
forms a blanket lying uncomformably above a considerable portion of 
the Paleozoic sediments in which ore bodies at times occur. Study of 
zones of alteration in both the rhyolite and sedimentary formations has 
been carried on to define centers of mineralization possibly worthy of 
exploration. 

Two stages of alteration are recognized in the East Tintic studies:(1) 
an earlier barren stage and (2) a later productive stage. The barren stage 
developed first, accompanied by hydrothermal dolomitization of lime- 
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stone, and chloritization of the rhyolite. This was followed by argillic 
or clay mineral alteration and subsequent silicification. The productive 
stage was marked by the formation of hydromica and sericite. 

Another area of interest from the standpoint of alteration study is the 
San Manuel district in Arizona. Here a large ore body was found during 
the war. The locality lies near the Mammoth mine where a copper 
stained area of only a few hundred square feet was exposed. Copper ores 
occur-in the midst of a large altered area which has been studied in de- 
tail by Dr. G. M. Schwartz for the U. S. Geological Survey. According to 
a preliminary report a close relationship is indicated between the rock 
alteration and the primary sulfide mineralization. The effects of this 
alteration decrease outward from a center of greatest intensity. Several 
types of alteration have been recognized and a considerable number of 
clay minerals observed. The ore body appears to occupy a definite posi- 
tion in the pattern of hydrothermal alteration of the surrounding rocks. 

In association with J. L. Kulp, C. M. Patterson and R. J. Wright and 
through the cooperation of several mining companies, the speaker has 
recently had an opportunity to study the relationship of alteration to ore 
deposition in the vicinity of Santa Rita, near Silver City, New Mexico. 

The general geological relationships of the Santa Rita area are well 
known through the works of a number of excellent contributors. Topo- 
graphic maps on a scale of 100 and 200 feet to the inch were furnished 
by the Kennecott Copper Corporation, the Empire Zinc Co., and the 
American Smelting and Refining Co. Many thousands of feet of diamond 
drill cores were available for inspection. 

Field studies show that the alteration at Santa Rita followed the in- 
trusive stock, was contemporaneous with some of the intrusive dikes and 
continued into later Tertiary time. Clay minerals are widely distributed 
through the various intrusive rocks of the district. They occur in dikes 
which accompany zinc ore bodies, in more or less horizontal intrusive 
sheets which are widely distributed, and in parts of a granodiorite por- 
phyry intrusive. To date the relationship between the clay alteration 
and copper deposition is best understood. Certain of the alteration zones 
in the porphyry stock, correlate with reasonable accuracy with ore 
zones in the open pit copper mine at Santa Rita. This correlation has 
been of considerable interest and has provided stimulation to laboratory 
studies which are now in progress. 

At Gilman, Colorado, the geological staff of the Empire Zinc Co., 
under the direction of Mr. S. E. Jerome, has been engaged for some time 
in the examination of the clay minerals and other alteration effects 
which occur in the Gilman porphyry. The bulk of this work has been 
carried on by Mr. Richard Bogue of the local staff. The Gilman porphyry 
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forms a sill some fifty feet thick which extends for a goodly number of 
miles laterally. In places zinc ore bodies have been found in the lime- 
stone below the sill. As a result of the alteration studies it seems clear 
that the clay minerals of the sill are hydrothermal in origin even under 
near surface conditions. In general, the intensity of alteration may be 
shown to be greatest in the vicinity of known ore bodies. In a mineral 
suite which comprises at least a dozen species, sericite, hydromica, kao- 
linite and dickite have been selected as furnishing the best index to the 
progress of alteration. These minerals are found in both the groundmass 
and the oligoclase phenocrysts of the porphyry, but most consistent re- 
sults have been obtained where the progress of alteration has been inter- 
preted from the destruction of the phenocrysts. The altered phenocrysts 
when studied statistically appear to indicate zones which in general are 
related to ore deposition. The Gilman studies although incomplete pro- 
vide further confirmation of the significance of clay mineral alteration in 
connection with ore deposition. 

The time has not arrived when one may correctly evaluate the impli- 
cations of alteration studies. To date the results have more than justi- 
fied the effort they have entailed and one may predict that the future will 
witness a much more intensive study of rock alteration than the past. 

A most important aspect of these studies will be a closer coordination 
between field and laboratory than has previously existed. Although no 
one can foresee the ultimate outcome, it is clear that at least one better 
illuminated avenue has been found along which to approach the problem 
of replenishing mineral reserves. The same science of mineralogy which 
has yielded its scientific lore so generously in the years just past, bids 
fair to continue to do so. 


REFERENCES 


LoverinG, T. S. (1941), The origin of the tungsten ores of Boulder County, Colorado: 
Econ. Geol., 36, no. 3, 229-279. 

MEYER, CHARLES (1946), Notes on the cutting and polishing of thin sections: Econ. Geol., 
41, no. 2, 166-172. 

Ross, C. S., AND SHANNON, E. V. (1926), The minerals of bentonite and related clays and 
their physical properties: Am. Ceramic Soc. Jour., 9, no. 2, 77-96. 

Sates, R. H. (1938), More intensive field studies for laboratory investigations of ore de- 
posits: Econ. Geol., 33, no. 3, 239-250. 

ScHROTER, G. A., AND CAMPBELL, Ian (1940), Geological features of some deposits of 
bleaching clay: Am. Inst. Min. Metall. Eng., Tech. Pub. 1139, 39 pages. 

Scuwartz, G. M. (1945), Geology of the San Manuel area, Pinal County, Arizona: U. S. 
Geol. Survey, Strategic Minerals Investigations, preliminary maps 3-180. 


PRESENTATION OF THE SIXTH ROEBLING MEDAL OF 
THE MINERALOGICAL SOCIETY OF AMERICA TO 
CLARENCE SAMUEL ROSS 


WALDEMAR T. SCHALLER, Geological Survey, Washington, D. C. 


We have gathered together once again to honor one of our colleagues 
and to give tangible evidence of our appreciative evaluation of his out- 
standing mineralogic and petrologic accomplishments, by bestowing on 
him the Roebling Medal—the Washington Augustus Roebling gold 
Medal of the Mineralogical Society of America. 

There is no need to tell you about the Medal, what it is and what it 
stands for. That story has been told to you in the course of previous 
presentations of the Medal. Rather, I shall tell you a little about the 
recipient, Dr. Ross, and touch lightly on some of his outstanding ac- 
complishments in the fields of mineralogy and petrology. These have 
attained so wide a recognition that the bestowal of the honor which the 
Roebling Medal represents is eminently fitting as a token of appreciation 
of his meritorious achievements. 

Dr. Clarence Samuel Ross is one of Professor W. S. Bayley’s boys, 
receiving his doctorate from the University of Illinois in 1920. He joined 
the United States Geological Survey nearly thirty years ago and for the 
last quarter of a century has been Chief of the Section of Petrology in 
that Bureau. 

Reading over his bibliography, his wide range of interests in matters 
geologic is shown by groups of papers on structural and areal geology, 
petrography and petrology, techniques developed and used in the micro- 
scopic studies of rocks and minerals, geologic processes, ore deposits, and, 
of course, mineralogy. Through nearly all his papers one.senses his innate 
love of minerals, manifested even in papers not primarily mineralogic, 
for always geologic or petrologic problems were approached by means of 
detailed mineralogic studies. His very first paper is titled: ‘The ‘chlori- 
tic’ material in the ores of southeastern Missouri,”’ which material, then 
unidentified, led to several investigations and reports on the mineral] 
we call glauconite. 

Naturally enough for a petrographer, much of his descriptive work has 
been on those minerals composing or closely related to rocks—petrologic 
minerals, if you wish. So we find papers on glauconite, the constituent of 
greensands; on iddingsite, an alteration of minerals of basalt; on mont- 
morillonite, the constituent of the rock bentonite—the mineralogic de- 
scriptions tied in, wherever possible, with discussions of geologic rela- 
tionships. 
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From a strictly mineralogic point of view, his greatest contribution 
probably has been in his exact quantitative determinations of the optical 
properties of minerals, for his own use in his researches, and to a much 
greater extent than is generally appreciated, for others, for he was always 
ready to place his time and abilities at the service of whoever called for 
help—ready and pleased to do much work and to make many deter- 
minations for others. 

Along with this large quantity of actual determinations, many of 
which were never published, many of them serving to verify the deter- 
minations of others and hence submerged in a “general average,” is his 
remarkable ability to develop and apply special techniques for handling 
under the petrographic microscope very fine grained materials and other 
minerals difficult to orient for the exact determination of their optical 
properties. 

Together with his general geological investigations, his work on the 
genesis and the paragenesis of the minerals involved—their geochemistry 
in fact—has resulted in his widely acclaimed Geological Survey publica- 
tions (Prof. Paper 179) on the origin of the copper deposits of the Duck- 
town type in the southern Appalachian region, and (Prof. Paper 198) on 
the occurrence and origin of the titanium deposits of Nelson and Am- 
herst Counties, Virginia. These two reports led inevitably to his chapter 
on Physical-chemical factors in the development of a deep-seated type 
of ore deposit, published in the Lindgren volume of the A.I.M.E. 

His early work in the middle twenties on volcanic ash and its alteration 
to bentonite served to show the inadequateness of our knowledge of 
clay minerals and also served to introduce him to these clay minerals—a 
group which he then found was remarkable chiefly for the almost com- 
plete lack of sufficient and accurate data on their properties and reJation- 
ships to one another and to other minerals. This state of ignorance was 
due essentially to the inherent difficulties of examining and handling 
such friable and fine grained materials and hence passed by on the part 
of most investigators. But not by him. The results he achieved, shown in 
part in his Geological Survey Professional Papers 165 ‘The Kaolin 
Minerals,” 185 “‘Halloysite and Allophane,”’ 205 “‘Minerals of the Mont- 
morillonite Group,” have established so firmly his reputation as a clay 
specialist that “clay minerals” and ‘‘Dr. Ross” are considered synony- 
mous. 

The invitation he received to be the Edward Orton, Jr., Fellow Lec- 
turer of the American Ceramic Society for 1945, an honor that but few 
have obtained, is but a further indication of the high regard in which 
he is held, both by his ceramic and by his geologic colleagues. In this 
address, Dr. Ross emphasized the common ground and the close relation- 
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ships between ceramics and geology and in particular that the ceramists 
have made greater use of mineralogic and petrographic techniques than 
those working in any other applied science. 

Member of numerous scientific societies, he has served our Society as 
Councilor and as President and at home has served as President of the 
Geological Society of Washington. The two minerals rossite and meta- 
rossite have been named after him. 

Dr. Clarence Samuel Ross, as the representative of the Mineralogical 
Society of America, I take great personal pleasure in presenting to you 
the Roebling Medal, awarded to you by our Society, in recognition of 
your meritorious achievements resulting from your outstanding inves- 
tigations in the science of Mineralogy. 


ACCEPTANCE OF THE ROEBLING MEDAL OF THE 
MINERALOGICAL SOCIETY OF AMERICA 


CLARENCE S. Ross, U.S. Geological Survey, Washington, D.C. 


The Mineralogical Society of America bestows a very great honor when 
it calls one whose interest has been with minerals before its membership 
to receive the Roebling medal. Therefore, it is with sincere appreciation 
that I accept the Roebling medal of this Society from the hand of my 
friend and colleague, Waldemar T. Schaller. In casting over the names 
of those who have received this medal in the past there is a very deep 
sense of gratitude for all that it implies. Anything I can say will but in- 
adequately express my heartfelt thanks, for there are times when spoken 
words are very ineffective, and this is such a time. There has also grown 
up the custom of an address by the recipient, perhaps to enforce a proper 
sense of humility. In response to this custom I have chosen to speak of 
some of the possible research problems in mineralogy, of some of the 
things yet to be learned. We also may consider how we can present 
mineralogic information known, or yet to be known, in a manner and 
with a completeness which will make it fully useful to mineralogists, 
geologists, and to the world. Even when the fina] volume of the new 
edition of Dana becomes available there will still remain fields of mir 
eralogic information which will not have been covered, or which require 
fuller treatment. 

The science of mineralogy is now blessed with effective methods of 
research and there is a very urgent need to fulfill the opportunities thus 
presented. These methods and techniques include the use of x-rays with 
their several modes of approach; the spectrograph, old in theory but now 
available with great refinement of equipment; perfected methods for 
differential thermal analysis; the improved methods for mineral separa- 
tion; and the systematic determination of optical properties, particularly 
the more accurate determination of numerical values of indices of re- 
fraction. Of fundamental importance is the only partially developed 
study of paragenetic relationships. These methods were preceded by 
chemical analyses; measurement of crystal angles, studies of morphol- 
ogy; visual recognition, and mineral synthesis, an old but constantly 
developing method of study. 

A survey of these various methods of mineralogic research indicates 
that the trained mineralogist of today should make use of analytical 
chemistry, of physical chemistry, of x-rays. He should be skilled in crystal 
optics, have a wide and intimate knowledge of the literature of min- 
eralogy; be able to determine in the field the mode of occurrence and re- 
lationships of minerals; have a knack for the manipulation of the tools of 
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CLARENCE S. Ross, RECIPIENT OF THE ROEBLING MEDAL 
OF THE MINERALOGICAL SOCIETY OF AMERICA. 
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research and the design of new ones. Of course, few of us can hope to be 
all of these, but the research mineralogist must be skilled in several of 
these fields, and should know the applicability of all of them to problems 
in hand. Thus, almost the entire range of the physical sciences is placed 
at the disposal of the mineralogist. This means that mineralogy, like all 
the other sciences, must depend more and more upon the efforts of a 
group; but of necessity a group, the members of which can see the prob- 
lem as a whole, and understand the roles that other lines of effort are to 
play. What is the range of the opportunities thus presented, and what 
are some of the most urgent problems that await attention? 

Of all the methods of mineralogical research, the most neglected today 
is chemical analysis, the oldest of the truly rigorous methods. This is not 
said to belittle the others, x-rays, for instance, but because the others 
can not be effectively applied until more and better chemical analyses are 
available. Thus chemical analysis is, as since the beginnings of mineralogy, 
the foundation stone of mineral studies. How often do we see the use of 
old analyses, which may themselves be good, but whose correlation with 
the material under investigation is open to question, or which may have 
been made on impure materials? How often has the study of a mineral 
been handicapped because the mineralogist had to shop around to secure 
an accurate analysis? If this is true for single minerals it is all the more 
true where the study of mineral groups is involved. In a search of the 
literature for analyses of particular minerals one is commonly surprised 
to find how few are available, or that no recent analyses have been made. 

Chemical analysis may become mere routine, but analytical work takes 
on new interest when the chemist learns to use petrographic or other 
methods of mineral research. He may thus come to feel that he is a full 
partner in a research group. These and other means must be provided to 
interest and recruit able chemists, so that analytical chemistry may play 
its fundamental role in mineralogic research. 

Members of the Geological Survey and associates outside the Survey 
have recently been engaged in a canvass of the problems involved in a 
systematic study of the mica groups and this indicates that at least a 
hundred new analyses are needed for such a study. The newer methods, 
x-rays, spectrograph, or differentia] thermal analysis may often speedily 
identify a mineral and thus make a routine analysis unnecessary, but 
they do not remove the need for analysis as a part of a research program. 
New discoveries have a thrill for all of us, but enthusiasm for a new 
method too often leads to disregard of older but vital methods. The 
x-ray helps the chemist in the selection of materials, determinations of 
impurities, and even suggests procedures by indicating relationships. 
Likewise, the spectrograph has become so much a part of every well- 
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equipped laboratory that all rocks and minerals should be examined by 
this means before analysis. This will show the major elements which 
must be determined by chemical means and at the same time the minor 
ones present as traces, which may be determined better by spectrograph 
than by analysis. Differential thermal analysis may indicate the approxi- 
mate proportions of gibbsite present in bauxites, and so the chemist will 
need to analyze only the high grade and more promising materials. These 
techniques are helpful supplements, but not substitutes for careful chem- 
ical analyses. By their means the chemist may be relieved of much rou- 
tine work, and allowed to concentrate on the constructive research 
required if we are to understand mineral relationships and mineral 
groups. 

The systematic study of mineral groups is probably the largest single 
line of research to which mineralogists may now devote their efforts. 
Important work along these lines is being done and within recent years 
we have come to have a far better knowledge of a number of mineral] 
groups, but a large number of others await attack. 

We may revert to the aforementioned mica group to illustrate some of 
the problems in the study of mineral groups; but in so doing there is no 
suggestion that they are uniquely important. Such a systematic study 
requires many additional analyses: in particular, of the various types of 
micas separated from igneous rocks. In general, the representation of 
rock-forming minerals is discouragingly small among available analyses. 
A systematic study of rock forming micas for instance will add not only 
to our knowledge of this mineral group, but also indicate much about the 
reciprocal relationships between the component minerals and the gross 
composition of the enclosing rock, and about paragenesis. Some of the 
more important minerals for which further study seems needful, are the 
amphiboles, the epidote group, the tourmalines, the hydrous magnesian 
silicates, including serpentine and all related materials, and many of the 
non-silicate mineral groups. 

The separation of minerals for chemical analysis is one of the neces- 
sary, but most laborious duties connected with mineralogic research. 
It requires careful selection of suitable materials, patience, and ingenuity 
in the use of all available techniques for mineral separation—heavy solu- 
tions, the electromagnet; long hours of tedious hand picking; flotation; 
centrifuging, and at times special chemical treatment, involving knowl- 
edge of the chemical reactions which will leave the desired mineral un- 
affected. Routine treatments are rarely adequate, and each rock or 
mineral may present new problems. The suitability and purity of the 
separated material must be constantly controlled by petrographic study, 
x-ray, or spectrograph, and commonly by all of these methods. 
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The methods for determining optical] properties under the petrographic 
microscope, particularly since the first appearance of Larsen’s tables, has 
become so standardized and widely accepted that further advocacy of 
their usefulness is hardly needed among mineralogists. Optical proper- 
ties however do not attain their greatest significance until they have been 
correlated with differences in chemical composition. Unfortunately, the 
optical methods have not been fully applied in some other branches of 
science which would be greatly benefited by the systematic use of the 
petrographic microscope, and the techniques which it makes possible. 

The application of x-ray methods to the study of crystalline materials 
has been the greatest single contribution to mineralogy since the devel- 
opment of the polarizing microscope. A detailed discussion of the greatly 
refined techniques now available would be outside the limits of this 
address. However, a knowledge of the many ways by which 4-rays 
may assist in mineralogic research should be familiar to all mineralogists. 
These include the identification: of minerals, especially of fine grained 
aggregates and opaque minerals, the determination of mineral relations 
by means of similarities in their space lattice, and very exact determina- 
tion of the lattice structure. 

The study of the opaque minerals long lagged behind that of the other 
branches of mineralogy. These minerals presented unusual problems, 
since they were very difficult to identify by the older methods; mineral 
varieties were imperfectly known; analyses were at times correlated 
with the wrong mineral and mixtures had been unwittingly analyzed. 
Modern studies of the opaque minerals have applied x-rays, etch tests, 
microchemical techniques, hardness tests, color comparisons including 
spectrophotometry, polarized reflected light, and the spectrograph; as 
well as the older methods of chemical analysis, and crystallography. The 
electron microscope and in particular the replica film process will no 
doubt help in the understanding of these minerals. Research is being 
done on the greater refinement of all these methods, and polishing meth- 
ods are being perfected. The significance of the physical relations of 
these minerals, and their paragentic history are expanding subjects of 
investigation. All this intensive work is rapidly extending our knowledge 
of the opaque minerals, but much remains to be done. 

The electron microscope has interested mineralogists as it has those 
in other branches of science. It has given us a knowledge of the physical 
habit of some of the minerals, which like the clay minerals, are capable of 
extreme dispersion, and hence, come within the range of its magnifica- 
tions and its limited powers of penetration. Electron diffraction has sup- 
plemented x-ray diffraction and the use of the replica film process on 
polished surfaces has been mentioned. 
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The method of differential thermal analysis first devised by LeChate- 
lier, but recently reintroduced by Norton, has proved to be especially 
useful in studies of the clay minerals, bauxites, carbonates, and the 
hydrous magnesium silicates. In studies of minerals of the montmoril- 
lonite group, it even indicates whether the exchangeable base is sodium 
or calcium, and it has been especially useful in the preliminary evaluation 
of bauxite deposits. 

The Data of Geochemistry compiled by Clarke went through many 
editions. Few books pertaining to any branch of the geologic sciences 
have ever had so wide an acceptance in Europe as well as in America, 
and about 46 thousand copies have been printed. More than 20 years 
have passed since the last edition appeared, but the need for some source 
of similar data has grown with the years, and the Geological Survey 
hopes to prepare such a revised and modern edition. The scope and 
practical] limits of such a proposed new volume have not been fully de- 
termined. However we may briefly consider the various types of data 
which would be desirable in a fully monographic presentation of min- 
eralogic information; perhaps constituting a more inclusive and volumi- 
nous series of publications than would be possible in even a greatly 
enlarged edition of the Data of Geochemistry. 

One method of presentation might be by mineral groups, and an entire 
volume could easily be devoted to some of these. Obviously such a de- 
tailed presentation would need to be the joint product of a large group 
of specialists and would require years of preparation. The first parts 
might need revision by the time the later ones were finished, and so 
would represent continuing contributions. Doubtless all this can be only 
an objective for the time being, for during the war period the immediate 
need has been the chore of all of us, and a backlog of problems has ac- 
cumulated, which must be cleared up before new projects are under- 
taken. Therefore the proposed outline is one of ideals, but ideals, even 
when not fully realizable, will help to orient our plans and activities. 
Ideals may eventually become realities. We must ever look forward, 
envisioning new projects, new plans, new expectations, for these are the 
very life breath of science. 

If such a series of papers were to be realized, the chemical data should 
be very complete, and should return to the usage of Edward S. Dana in 
presenting an ample list of analyses of minerals, selected so far as possi- 
ble to illustrate the different types, the various regions from which they 
have been reported, and the different genetic environments under which 
they are known to have formed. Rare elements, including those present 
only in traces, so far as these are known, should be listed, and their rela- 
tion to environment and association should be discussed. The informa- 
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tion gained from mineral synthesis should be included, together with the 
phase relations. The different modes of formation as revealed by field 
relations should be presented, together with the indicated physical 
conditions, and the physical chemistry which favors the different modes 
of formation. The outstanding studies and regions where these modes of 
formation are best exemplified should be summarized. A list of the im- 
portant minerals which commonly accompany each distinct genetic oc- 
currence, and of the alteration products, would be an essential part of any 
such treatise. References to published studies along all these lines should 
be very exhaustive. 

The part of the foregoing outline which would prove to be the most 
sketchy, and which would most forcibly present the magnitude of the 
mineralogic work yet to be done, would undoubtedly be that of genetic 
relations. It would, however, be the handbook for all those engaged in 
carrying forward studies of mineral paragenesis, and so be of immense 
help to all those interested in trying to discover how minerals form. This 
no doubt leads mineralogy far into the realm of geology, but some geo- 
logic problems must be attacked by a mineralogic approach, and both 
geology and mineralogy benefit thereby. 

The lines of research here suggested may not all be of the best; cer- 
tainly some of you will favor others; and avenues will no doubt open 
before us which none can foresee. However, all will agree that we have 
awaiting us problems, opportunities, duties, for all of which we can be 
immensely thankful. Mineralogy is among the very oldest of the sci- 
ences, but it still is young, for it grows and hopes and plans. Colonel 
Roebling, in whose honor this medal was named, indicated his faith in 
the future of mineralogy through his generous endowment of our Society, 
and we, being endowed with so great an opportunity, can help to justify 
his faith. 

This medal is a very beautiful thing in itself, but to me its greatest 
values will be its symbolism of the science we all love and serve and asa 
reminder of the heartfelt gratitude I owe to the Mineralogical Society, 
and to you, my many friends, who are its representatives here today. 


MEMORIAL OF GERALD FRANCIS LOUGHLIN 
Wivbur S. BurBank, U.S. Geological Survey, Washington, D. C. 


Gerald Francis Loughlin, former Chief Geologist of the United States 
Geological Survey, passed away in the evening of October 22, 1946, a 
little over two years from the time that he had relinquished his adminis- 
trative duties in order to devote himself to research. After more than 25 
years of unselfish devotion to administrative services he had looked 
forward to continuing some of his earlier research activities and to work- 
ing in new fields. His death, from a heart attack, came as an unexpected 
shock to his friends as well as to his immediate family, for he had suf- 
fered no serious illness, although he had been slightly indisposed a week 
or so prior to his death from what appeared to be a minor ailment. His 
greatly increased responsibilities in the last few years of service as Chief 
Geologist during the war had been a considerable strain and one from 
which he had not fully recovered his normal vigor. 

Loughlin was born in Hyde Park, Massachusetts, December 11, 1880, 
the son of John Francis Loughlin and Adelia (Lane) Loughlin. After 
seven years of training in the Boston Latin School he entered the 
Massachusetts Institute of Technology in 1899 and received the degree 
of Bachelor of Science in geology in 1903. As an undergraduate at 
“Tech” his interest in geology was first aroused by Professor W. O. 
Crosby, with whom he spent his earliest days in the field and with whom 
he collaborated on his first publication. Shortly after his graduation he 
worked as a field assistant with the United States Geological Survey and 
the Connecticut Geological Survey under Dr. Herbert E. Gregory, study- 
ing the clays and clay industry of that State. He then entered the Yale 
Graduate School under a teaching fellowship, and there he received 
his doctorate in 1906. His graduate work, which was carried on under 
Gregory, Pirsson, and Barrell, dealt with problems of igneous and meta- 
morphic geology in Connecticut and adjacent States, and in the period 
before his death he turned again to these early interests; he began to 
prepare a review of certain phases of the metamorphic geology of New 
England, and to aid in the preparation of a new geologic map of Con- 
necticut. 

In 1906 Loughlin returned to Boston, and he held an instructorship 
in geology at the Massachusetts Institute of Technology until 1912. 
Beginning in 1910, he also served summers as Junior Geologist with the 
United States Geological Survey, first with Frank C. Calkins in Idaho 
and later with Waldemar Lindgren at Tintic, Utah. Partly through the 
interest of these men in his work he decided to become permanently 
associated with the Geological Survey and went to Washington, D. C., 


173 


174 WILBUR S. BURBANK 


GERALD Francis LOUGHLIN 
1880-1946 


MEMORIAL OF GERALD FRANCIS LOUGHLIN Wh) 


in 1912. His field work carried him again into the west, where under 
B.S. Butler and his associates he contributed to the comprehensive study 
of the mining districts of Utah then under way. In 1913 he also made a 
special mineralogic and structural study of newly developed oxidized 
zinc ores of the Leadville district, Colorado, and later the same year 
reviewed the field work in this district with J. D. Irving, who was then 
working on the uncompleted manuscript of the report on Leadville 
started by S. F. Emmons before his death. A few years later Irving 
entered into war service in France, where he died in 1918, and the entire 
task of completing the Leadville Professional Paper then fell to Loughlin. 

In the meantime, when he returned to Washington after the 1913 
season, he had assumed the subjects of building stones and cements for 
the annual volumes on Mineral Resources, then prepared by the Geo- 
logical Survey. In this commodity work he brought to bear his charac- 
teristic thoroughness and analytical approach, and he soon won recog- 
nition for his investigative contributions in the mineral industry as well 
as in the field of scientific geology. Within a few years, however, his re- 
search work in economic geology became increasingly interrupted by 
administrative duties, for in 1917 he was appointed Chief of the non- 
metals section of the Division of Mineral Resources, and in 1918 was in 
charge of the section of metal resources as well as of stone and lime inves- 
tigations. In 1920 he assumed charge of the entire division of Mineral 
Resources including its western offices, a position which he held until 
1924, when the activities of this division were transferred to the Bureau 
of Mines. During his service with this division he contributed many 
chapters to the annual reviews of mineral resources, and made a number 
of special investigations of building stone that won him national recog- 
nition as an authority on this subject. 

Dr. Loughlin served from 1924 to 1935 as Geologist in Charge of the 
Section of Metalliferous Geology, and from 1935 to 1944 as Chief Geolo- 
gist of the Geological Survey. From 1944 until his death, he served as 
Special Scientist, and as a staff geologist, advisory to the Director and to 
the Chief Geologist. During the years of administrative service he man- 
aged to continue his investigations of mining districts and of special 
geologic subjects, completing the widely known Professional Paper on 
the Leadville mining district in 1925 and initiating a study of deep-level 
mining activities in the Cripple Creek district of Colorado. He always 
kept in close touch with a broad field of economic geology and con- 
tributed papers in petrology, ground water, economics of minerals, and 
other special subjects, besides his larger publications that are interna- 
tionally recognized as important contributions to economic geology. 

He was a research man at heart, but he possessed that combination 
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of qualities desirable for effective administration of scientific work. 
Guided by his own urge in scientific pursuit, he was always sympatheti- 
cally appreciative of the work and aspirations of others and ever willing 
to devote much time to helpful advice and criticism. Being of the older 
administrative school, he was not given to easy familiarity in his every- 
day professional contacts, but at his ease and through other informal 
associations he displayed an ever present fund of humor and enjoyment 
of comradeship. One of his favorite forms of relaxation was in music. Be- 
fore and during his college years he had become proficient enough with 
a flute to engage in amateur and even in professional orchestral work, 
and he also sang and played the piano. He was also active in college musi- 
cal shows and composed music as well as verse for several of them. This 
enjoyment of music and of light satire inspired him to take part in many 
shows of the Pick and Hammer Club of the Geological Survey where the 
foibles of the organization, administrative or geologic, were annually 
ridiculed. He contributed to the musical scores and jibes at these per- 
formances and could never resist an invitation to train and lead the 
choral activities of the vocally inclined geologists. 

Dr. Loughlin was a member of many national scientific and engineer- 
ing societies, in several of which he served on administrative committees 
or held positions of honor. He was President of the Society of Economic 
Geologists in 1940 and of the Geological Society of Washington in 1923, 
and had served as Councilor and in other capacities with the Geological 
Society of America. He was also a member of the American Institute of 
Mining and Metallurgical Engineers, the American Association of Petro- 
leum Geologists, the American Geophysical Union, and of the Washing- 
ton Academy of Sciences, and a Fellow of the Mineralogical Society of 
America and of the American Association for the Advancement of Sci- 
ence. He was a prominent and active member of the AJl Souls Unitarian 
Church of Washington, D. C., and belonged to the Cosmos Club in that 
city. He was a member of the Society of Sigma Xi. 

When Dr. Loughlin returned to Boston in 1906 he married Grace 
Elizabeth French of Boston, Massachusetts, who with their daughter, 
Mrs. Wilbur S. Burbank, and two grandchildren, all of Washington, 
D. C., survive him. 
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The origin of lamprophyres: (Abst.) Trans. Am. Geophys. Union, 17th Ann. Mtg. Pt. 1, 
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Slate in 1919: 1919, pt. 2, pp. 369-375, July 29, 1921. 
Lime in 1919: 1919, pt. 2, pp. 405-418, October 6, 1921. 


(with Coons, A. T.). 
T.). 
T.). Stone in 1919: 1919, pt. 2, pp. 419-455, October 18, 1921. 
T.) 
T.) 


(with Coons, A. 

(with Coons, A. 

(with Coons, A . Slate in 1920: 1920, pt. 2, pp. 135-143, October 12, 1921. 
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(with Coons, A. T.). Stone in 1922: 1922, pt. 2, pp. 261-344, 3 figs., April 10, 1924. 
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(with Coons, A. T.). Stone in 1923: 1923, pt. 2, pp. 205-234, December 18, 1924. 

(with Coons, A. T.). Lime in 1923: 1923, pt. 2, pp. 275-284, December 19, 1924. 

(with Coons, A. T.). Slate in 1924: U. S., Bur. Mines, Mineral Resources U. S., 1924, pt. 

2, pp. 151-160, December 16, 1925. 

(with Coons, A. T.). Lime in 1924: U. S., Bur. Mines, Mineral Resources U. S., 1924, pt. 

2, pp. 193-230, May 22, 1926. 
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Vladimir Ivanovich Vernadsky died in Moscow on January 6, 1945, 
after a brief illness, only a few months before the death of his most illus- 
trious pupil, A. E. Fersman. Born in St. Petersburg on March 12, 1863, 
Vernadsky studied at the University of St. Petersburg, taking chemistry 
under Mendeléeff and Menshutkin, geology under Inostrantsev, and 
mineralogy under Dokuchaey, the founder of the Russian School of 
Pedology (Soil Science). The latter, especially, greatly influenced Ver- 
nadsky, whose first publication ‘‘Description of geology and soils of a dis- 
trict in Poltava Province” was prepared under Dokuchaev’s direction. 

After graduation he was sent abroad in preparation for a professorship 
and continued his studies of chemistry with LeChatelier and mineralogy 
with Fouqué in Paris, and Groth, Sohnke and Haushofer in Germany. 

His Master’s thesis, (Moscow, 1891), was based on a study of the sil- 
limanite group. The novel conclusions on the role of alumina led him to 
develop a theory on the structure of silicates which, 36 years later, was 
confirmed by Bragg on the basis of x-ray analyses. His Doctorate thesis 
(1896) on ‘Phenomena of gliding in crystalline substance” introduced 
physical interpretations in the study of crystals. 

During the twenty years of his professorship in Moscow University 
(1891-1911) he worked in the fields of mineralogy and crystallography 
and built up one of the best equipped laboratories in the world, and 
above all taught hundreds of students, many of whom now are outstand- 
ing workers in the fields of mineralogy, geochemistry, and other allied 
sciences. He made many field trips to the Urals, Crimea, Caucasus, and 
Fergana. In teaching mineralogy he developed a new approach to min- 
erals which he treated not as rigid entities, but as products of a definite 
stage of chemical processes in the earth’s crust. In 1908, he begun to pub- 
lish his ‘‘Essay of descriptive mineralogy.”’ To prepare this monograph 
he examined all the large mineral collections of Europe, the United 
States, and Canada, and studied the voluminous literature in many 
libraries at home and abroad. This work remains incomplete, it covers 
only native elements, and sulphide and selenide compounds. 

In 1911 Vernadsky resigned from Moscow University in protest against 
the reactionary policies of the Minister of Education. The Academy of 
Sciences in St. Petersburg, to which he was elected in 1906, became his 
home and his later work and life for the most part were concentrated in 
that Institution. 
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During World War I he devoted all his time to the study of radioactiv- 
ity and to the organization of expeditions to Lake Baikal and Transbai- 
kalia in search of radioactive minerals and rocks. He realized in 1915 that 
insufficient information was available with regard to strategic minerals 
and gave much of his time to the organization of a Committee for the 
“Study of Natural Productive Forces,” commonly known as ‘“KEPS,” to 
which he attracted not only members of the staff of the Academy of Sci- 
ences but also geologists from the Geological Committee, Department of 
Mines, professors and their students. 

In 1917, he became «fflicted with tuberculosis and left Petrograd, first 
for Poltava and later for Yalta. In 1918 he became the first President of 
the Ukranian Academy of Science which he helped to organize and was 
Rector of Taurida University (1920). In 1921, when the White Armies 
were defeated, he left Russia and lived in France for five years. During 
his life in Paris he gave a seminar course on Geochemistry at the Sor- 
bonne. 

His intense patriotism forced him to return to Russia in 1926. Although 
in his 64th year he worked with renewed interest and was instrumental 
in the creation of many vital committees of the Academy of Sciences. 
Thus, he organized the ‘‘Committee for the Study of Meteorites’’ of 
which he was chairman, and the ‘‘Committee on the Study of. Frozen 
Ground,” the importance of which was soon realized and which became 
an Institute of Merzlotovedenie. The practical importance of these 
studies was brought to the attenticn of U. S. Army engineers and geolo- 
gists during the construction of the Alcan Highway and military airfields 
and bases in Alaska in World War II. Their experience with frozen 
ground (‘‘permafrost’’) aroused interest in the intensive Russian litera- 
ture and led to the establishment of a program of field and laboratory 
studies. 

His interest in radioactivity, which began after he heard Joly at the 
International Congress in Dublin in 1908, continued all his life. He organ- 
ized surveys for systematic prospecting for radioactive rocks and miner- 
als, surface and ground waters, and oil brines, but he was particularly 
interested in the role of radioactive elements in geology and their dis- 
tribution in the earth’s crust. 

Vernadsky was one. of the first to see clearly in advance the need for 
specialized studies and he possessed great ability to persuade others of 
the need for undertaking such studies, as shown in his organization of 
various committees. In June of 1940 he urged the Academy of Sciences 
to undertake the study of uranium minerals in connection with the prob- 
Jem of atomic energy and by July 25th such a committee had been organ- 
ized. 
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An examination of his selected bibliography! shows the great variety 
of subjects which interested him. Fersman, one of his most brilliant and 
devoted pupils, gives* an interesting tabulation of Vernadsky’s papers, 
by subject, as follows: 


Mineralogy 30% 
Biogeochemistry 17% 
Geochemistry 16% 
Radioactivity 12% 
General scientific problems 12% 
Crystallography 7% 
Soils 3% 
Strategic minerals 3% 

100% 


In summing up his activities, we see that Vernadsky worked in mineral- 
ogy, crystallography, geochemistry, biogeochemistry, and radioactivity, 
and was interested in the history of Natural Science. Each of these pres- 
ents a large field of human knowledge. In some he was a pioneer (biogeo- 
chemistry, geochemistry), in others he made valuable contributions 
through his creative thought and scientific work. In mineralogy he intro- 
duced new approaches and helped to develop it as a science of the chem- 
istry and history of the earth’s crust. 

His last years were saddened by the horrors of German invasion, and 
the loss of his wife, his constant and helpful companion. Yet, to the last 
he maintained his deep interest in science and in the future of mankind. 

In his own country he was early recognized as an outstanding scien- 
tist. In 1928 he was elected a Correspondent Member to the Mineralogi- 
cal Section of the French Academy. 

To all who knew him, even slightly, he will remain an ideal of a man 
of high purity and beauty of character and a scientist who never lost 
his interest in the search for knowledge. 
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PROCEEDINGS OF THE TWENTY-SEVENTH ANNUAL 
MEETING OF THE MINERALOGICAL SOCIETY OF 
AMERICA AT CHICAGO, ILLINOIS 


C. S. HuryBur, Jr., Secretary 


The twenty-seventh annual meeting of the Society was held at the Stevens Hotel, Chi- 
cago, Illinois, on December 26-28, 1946. The registration figures show that 122 fellows 
and members attended. The scientific sessions were held in the morning and afternoon of 
December 27th and in the morning of December 28th, at which 36 papers were presented. 
The annual luncheon of the Society, which was held on December 27th, was attended by 
107 fellows, members, and guests. Following the luncheon Waldemar T. Schaller presented 
the Roebling medal to Clarence S. Ross. Dr. Ross thus becomes the sixth recipient of this 
award. The address of the retiring President, Paul F. Kerr, on Alteration Studies, was pre- 
sented in the evening of December 26th. 

On the following pages are given the reports of the officers for the year 1946 and the 
report of the election of officers and fellows for 1947. 


ELECTION OF OFFICERS AND FELLOWS FOR 1947 


The secretary reports that 399 ballots were cast in the election of officers for 1947; 275 
by members, 124 by fellows of the Society. The officers as nominated by the Council were 
elected and are: 


President: Martin J. Buerger, Massachusetts Institute of Technology, Cambridge, Massa- 
chusetts. 

Vice-President: Carl Tolman, Washington University, St. Louis, Missouri. 

Secretary: C. S. Hurlbut, Jr., Harvard University, Cambridge, Massachusetts. 

Treasurer: Ear] Ingerson, Geophysical Laboratory, Washington, D. C. 

Editor: Walter F. Hunt, University of Michigan, Ann Arbor, Michigan. 

Councilor (1947-1950): Harry H. Hess, Princeton University, Princeton, New Jersey. 


The secretary reports that according to the provisions of the constitution the following 
have been elected to fellowship: 


John S. Brown, Saint Joseph Lead Company, Balmat, New York. 

John Roberts Cooper, U. S. Geological Survey, Washington, D. C. 

Isidor Fankuchen, Polytechnic Institute of Brooklyn, Brooklyn, N. Y. 

Walter Pearson Kelley, University of California, Berkeley, California. 

Kiguma Jack Murata, U. S. Geological Survey, Washington, D. C. 

William Parrish, Philips Laboratories, Inc., Irvington-on-Hudson, New York. 

Lester William Strock, Saratoga Springs Commission, Saratoga Springs, New York. 

Newman William Thibault, Norton Company, Worcester, Massachusetts. 

Charles Robinson Toothaker, Commercial Museum of Philadelphia, Philadelphia, Pennsyl- 
vania. 

Lawrence Rickard Wager, Durham Colleges in the University of Durham, Durham, 
England. 

William Albert Waldschmidt, Argo Oil Corporation, Midland, Texas. 

Aaron Clement Waters, Stanford University, California 

Kenneth DePencier Watson, University of British Columbia, Vancouver, British Columbia. 

Robert W. Webb, University of California, Los Angeles, California. 

Cutler DeLong West, Polaroid Corporation, Cambridge, Massachusetts. 

Horace Winchell, Yale University, New Haven, Connecticut. 
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REPORT OF THE SECRETARY FOR 1946 
To the Council of the Mineralogical Society of America: 


MEMBERSHIP STATISTICS 


1945 1946 Gain Loss 
Correspondents 5 6 1 = 
Fellows 218 237 20 1 
Members 549 625 193 117 
Subscribers 344 535 217 26 

1116 1403 431 144 


The above figures show a net gain of 19 fellows. Sixteen members were elected to fellow- 
ship; four fellows were reinstated and one, G. F. Loughlin, was lost through death. A net 
gain of 76 members and 191 subscribers gives a total gain of fellows, members and sub- 
scribers for 1946 of 287. This brings the grand total to 1403, again a new high record. 

The large gain in subscribers and to a lesser extent the gain in members was brought 
about by the increase in foreign subscriptions and the reinstatement of foreign members, 
particularly from the Soviet Union. 

Respectfully submitted, 
C. S. HurxBvr, JR., Secretary 


REPORT OF THE EDITOR FOR 1946 
To the Council of the Mineralogical Society of America: 


During the current year, practically all colleges and universities have experienced 
unprecedented student enrollments. The teaching staffs, on the other hand, have not been 
increased in the same ratio. This unbalanced adjustment has resulted in large classes and 
heavy teaching assignments which have consumed much of the spare time and energy 
that under more normal conditions might have been spent in planning research in new fields 
or continuing projects already begun. 

However, in spite of these handicaps, a sufficiently large number of papers have been 
received to insure a volume for 1946 of slightly more than 600 pages, or an average of 
about 100 pages for each of the six bimonthly issues. This accomplishment might be 
considered as fairly satisfactory under the present prevailing conditions. 

The current volume is somewhat smaller than that of a year ago, but it should be re- 
called that the previous volume contained a special symposium number of 14 papers on 
quartz oscillator-plates. The inclusions of this 264-page special issue was largely responsible 
for the enlarged size of the volume for 1945. In this connection, it might be noted that the 
demand for this symposium number has been so great as to require a reprinting of 150 
copies of that issue by a lithoprinting process. 

The Geological Society has continued its generous financial support for defraying a sub- 
stantial portion of the publication costs of our journal. This past year, this aid amounted 
to $2500 with an additional appropriation, not to exceed $500, for the cost of colored plates 
if and when such illustrations were deemed desirable. Recognition and deep appreciation 
is here expressed for this generous and timely assistance, by virtue of which it was possible 
to include two colored inserts during the year. A colored plate is also planned in connection 
with an article by F. H. Pogue and T. H. Rogers on “Experiments in x-ray irradiation 
of gem stones,” which will appear in the January-February number, now in press. In this 
instance, however, the colored insert is being furnished by the Machlett Laboratories, 
Inc., of Springdale, Connecticut, without cost to our Society. 
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During the summer of the current year, our publishers served notice that due to the in- 
creased cost of labor and materials, it would be necessary to terminate our old printing 
contract and enter upon a new one which would step up our printing bill about 16-18%. 
This action was not entirely unexpected, as we were all aware of the present trend in prices. 
The executive committee of our Council, after a careful study, considered the new rates 
reasonable, under present conditions, and voted to continue our cordial relations with the 
George Banta Publishing Company. This company has served our Society without inter- 
ruption since 1922. 

From time to time, inquiries have been received as to whether a single index will be 
available covering the ten-year period from 1936 through 1945. Through the efforts of 
Drs. Ingerson and Fleischer, who have jointly undertaken this task, it can be stated that 
the decennial index is in preparation and probably will be available sometime during 
1947. 

In a detailed analysis of the Journal for 1946, we find that volume 31 contains 606 pages, 
exclusive of index. Leading articles, which number 46, occupy 78.4% of the total space. Ta- 
ble 1, which accompanies this report, indicates the distribution of the leading articles in 
the various fields listed. The average length of each of the main articles is only 10.4 printed 
pages. 

If to the 46 leading articles we add 17 shorter papers appearing under the heading of 
‘‘Notes and News,” we obtain a total of 63 published manuscripts for the calendar year. 
These contributions were received from 80 contributors associated with 38 different uni- 
versities, research bureaus, and technical laboratories. 

The Journal for 1946 carries detailed descriptions of two new minerals: tinticite and 
montbrayite. One hundred and eighty-seven illustrations of various types assist in clarify- 
ing the descriptive portions of the text. As in previous years, a number of manuscripts were 
received from sources outside the States, and in 1946 eight such contributions were printed 
from the following countries: Canada 4, and one each from Netherlands, England, South 
Africa, and Australia. 

The accompanying Table 1 summarizes in detail the distribution of subject matter in 
volume 31. 
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TABLE 1. DIsTRIBUTION OF SUBJECT MATTER IN VOLUME 31 


Subjects Articles Pages Per Cent of Total 
Leading articles* 


Descriptive Mineralogy 9 

Chemical Mineralogy 9 

Structural Crystallography 6 

Geometrical Crystallography 5 

Petrography 11 

Optical Mineralogy Z 

Memorials 3 

Miscellaneous 1 

46 475 78.4 

Shorter articles 17 432 
Notes and news 16 10 
Proceedings of Societies 14 70 21.6 
Book reviews 2 2 
New mineral names 18 3 
Total entries 113 606 100.0 
Illustrations 187 
Index, Title page, Table of contents 14 
Grand total 620 


* Leading articles average 10.4 printed pages each. 
Respectfully submitted, 
WALTER F, Hunt, Editor 
REPORT OF THE TREASURER FOR 1946 


To the Council of the Mineralogical Society of America: 


Your treasurer submits herewith his annual report for the year beginning December 1, 
1945, and ending November 30, 1946. 


RECEIPTS 
Cashtonvhand: December 1 sd04 5areromennce eect eter ee Tee ner $ 2,647.70 
Dues:and:’ subscriptions v5, 1006 527 sage error on eee CeCe eee 4,187.32 
Sale of back Mum bersinn i ashc cae a sasecnv oe rere tee or ee eee 1,656.86 
Authorsuchargesionisepatates. manic erie r ne necro tneta ene $70.31 
Interest and dividends from endowment.................000eeeeeeeeee 3,132.00 
Payments on principal of Trenton Mortgage stock..................... 130.14 
Geological Society of America grant for 1946.....................0.00, 2,891.40 
AGvertisements,, crn arenche mits cpatice cr ko cree eee eee a PTO TCR eT ee 310.85 
AIG: in pUblishing specialial (CLES aemmi antennae aint aetenet een 952.00 
Nale/ot extra, May—june, 1949) numbersiac ceicrr ert ia itera 302.79 
Sale:of 20-volume index. jac nee eect ei nie ere eee 5.00 


$16, 786.37 
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DISBURSEMENTS 

Printing andi distribution of the Journali. 2 ..9)..oeeees aes dee cn as $ 6,020.35 
Enintingszanddistribution of separates sans roe sn een ne ee ne 499 .16 
MonthesEditormmsecreratyarancdshreas tice se semen ae ae eee. 1,390.00 
BOS EAC io enc eas wise Cece sce 2 cd MRO cc co Maecenas eee 463.48 
Glericalihel pet yaecota a: on rie ee a Oh PE Oe Nee ee te a 487.37 
OPI GOLe GUIDED tae yce eine en i hes Shah alain Scans An airy. Renfree Ae 8.68 
Printing and stationery......... EEN och 5 Pert See eeeet Aen ee 247.91 
Satetvec epositpOx quiere ret ok cow cr a Rh atiadar cade eas a Mya 9.60 
ETRE G TALI a eae Rear ts pep a eal ac crys acai sk atc eg sug a Mean Cyeaters sa .90 
(Committee: expenSeshe a eis Lee ER 8 oor vi othe ay sameeren 7.44 
Societyaluncheons (1945): esate evita hein ee ase ee Eons 1a te ee 4.00 
xchange eon LOrelgnicheCks owt ee ire oe fee ere 2 ee eee 1.80 
Retirneaicheck serene aay ela hee Po: Se Neen ee ee 3.00 
Mionkxonpindexa(Vo)Ss2 1 SO) i siesaves topspcatacedate Rpcer Be. Ai 6 eit ov sences mein Mes 240.50 
IRIAN? VEN, TRC CCH Ae OWE aYNNDOUNESE 5 «VoL Mee oun oee esoc8n Volant Ue 9.36 

$ 9,393.55 
Cashwbalance; November oO O4 Onsen ye maee e e e ee e 7,392.82 

$16, 786.37 


The endowment funds of the Society as of November 30, 1946, consist of the following 
securities: 


Bonps 
SIVEUMS Melbreasty.3239/5 teeny at tet ar oe aman Lerner oak ee $ 5,190.63 
SMaeillinois' Central eae ee Aen yl. cons eee. ee ee 3,887.50 
SMeSouthernuallwiavaros cake en rete wus roonrcs SiN) st oy eens wae 5,743.75 
SMeCleveland Uniommlermindiye Un os. ae ee ese ee 5,068.75 
OMmAt antics Coastlines 45 uN Nn. Roce eos es uy HE ae Ss) 
ACH Great eNonthernon omer ce: ante Rene cakes aun Perisar eee 400.00 
PREFERRED STOCKS 
SOisharesVvireiniasblecthicn. bowermCo. toon ete eat eee ee ne 5,942.50 
SGrch anes MULsO MO LCCIA AG pei Rats oe Meee TN cn stro wr arta inl 6,946.20 
5OishanesmUnionyaciticws ott ca veree eke ese tye th. hee eee « 4,570.25 
GOlshares mones.weLaughiinipAl i [oe nm qreiseen tan tal areca eat) seer 4,987.50 
{OksharesaConsolidatedhidisonmery- metre eae cen Sees eee 1,066.64 
Bishanes@ ub licesenvmicerolm News| ehSeyaamrmen er ia anon eden eae 702 .00 
Bimol4/do00lsharessdinentoneMlonteare, Ser Vicente winnie eee 1,754.484 
CoMMON STOCKS 
SOlsharess Chesapeake WOhiouRail wae cela poe aie eatin arcs 2,368.75 
SOishares Peennsylvaniawatlnoa Gsm cu epee eyes k ciel een 1,468.75 
OSchatesmotandanceOorsN ewe CUS Vain wicmiaes rset sri -e- hee ere tae rl 1,356.25 
25 (shares, American: Telephone & Telegraph). .% .... «ee ses ss 3,369.32 
$60,080.77 


# Residual value. 
Respectfully submitted, 
EARL INGERSON, Treasurer 


194 CHSy HU REBUT AIR 


DANA FUND 


Disbursements are made to needy mineralogists in war areas, and to needy families of 
deceased mineralogists in war areas. 


RECEIPTS 

Available: balance, November: sO sl 945i ets cereus cytes cnet ree $943 .39 
Tnterest ce. nes < hecis kN 8 On ios MAO ae Braet eather ORGS RC AER Sen ee 6.34 

$949 .73 

DISBURSEMENTS 

Disbursed * os nek vs Phase eis Awa aerate cag oe RO eee en ae $334 .00 
Available: balance; November:30519465..0..2.0 onan e eee ee ene Olas 

$949 .73 


Respectfully submitted, 
Eart INGERSON, Treasurer 


REPORT OF THE AUDITING COMMITTEE 


To the President of the Mineralogical Society of America: 

The Auditing Committee has examined and verified the accounts of the Treasurer of 
the Mineralogical Society of America for the fiscal year ending November 30, 1946. The 
securities listed in the Treasurer’s report, with all future coupons on the coupon bonds at- 
tached, are in the safety deposit box at the Friendship Branch of the Riggs National Bank 
of Washington, D. C. 

Respectfully submitted, 
ALTON GABRIEL 
WIL11aM T. PECORA 
EpWwarp P. HENDERSON, Chairman 


ABSTRACTS OF PAPERS PRESENTED AT THE TWENTY- 
SEVENTH ANNUAL MEETING OF THE MINERALOGICAL 
SOCIETY OF AMERICA, CHICAGO, ILLINOIS, 
DECEMBER 26-28, 1946 


SOME UNITED STATES BOEHMITE LOCALITIES* 


VICTOR T. ALLEN 
U. S. Geological Survey, Washington, D. C. 


The only boehmite locality in the United States listed in the Seventh Edition of Dana’s 
Mineralogy is incorrectly reported to be the Linwood-Barton district, Georgia. More than 
200 samples of bauxite and clay from Alabama and Georgia, including some from Lin- 
wood, Bartow County, Georgia, were examined by x-ray and optical methods and found 
to contain gibbsite but no boehmite. 

Investigation of alumina hydrates of the United States was started with a grant from 
the Geological Society of America in 1941 and continued during 1942 to 1946 in connection 
with the high-alumina clay project of the Geological Survey, U. S. Department of the In- 
terior. The boehmite occurrences reported by H. S. McQueen near Swiss and Stolpe, 
Gasconade County, Missouri, associated with flint and diaspore clays of Pennsylvanian 
age, were verified, and the following new localities for boehmite were established: associ- 
ated with Paleocene gibbsite in black pisolites on the Townsend 40 property, about 2 
miles east of Bauxite and near Berger, Pulaski County, Arkansas; as ooliths in Pennsyl- 
vania flint clay at the Burnt House mine, Olive Hill, Carter County, Kentucky; with 
kaolinite in the Puget shales of Eocene age at Durham, Kanaskat, and Kummer, King 
County, Washington; with diaspore at the Cle Elum iron deposit, Kittitas County, Wash- 
ington; with gibbsite in ooliths associated with Paleocene clay at Alberhill, Riverside 
County, California. 


* Published by permission of the Director, Geological Survey, U. S. Department of 
Interior. 


SOME EXAMPLES OF THE DISTRIBUTION OF FLUORINE IN ROCKS 
TOM F. W. BARTH 
University of Chicago, Chicago, Illinois 


New data of fluorine in rocks and thermal emanations are presented. They corroborate 
the earlier conclusions of E. S. Shepherd (1940) that fluorine is not an insignificant con- 
stituent of the earth’s crust; he thinks that about 0.04 per cent F is characteristic of plu- 
tonic rocks, lavas run lower, alkaline rocks run higher. 

In the plutonic rocks of the (alkaline) Oslo province the average concentration of 
fluorine is 0.075 per cent (the range is from 0.063 to 0.090). In basalts from Iceland the 
fluorine content ranges from 0.002 to 0.040, average 0.017 per cent F. In the Oslo kauaiites 
(formerly erroneously called essexites) the average is 0.070 per cent F. 

In the Oslo plutonics fluorine shows no relationship to any other rock-forming element. 
But in the basaltic rocks very constantly the weight percentage of F is one-tenth that of 
P.O;, suggesting that apatite in these rocks is the chief carrier of F. 

Fluorine in thermal waters of Iceland ranges from zero to 1.45 parts per million. This 
is about the same as one finds in river waters, but much lower than the figures given by 
Allen and Day from hot-spring waters of Yellowstone. 

Sinter deposits in Iceland contain 0.003 per cent F. Rocks altered by thermal waters 
are low in fluorine both in Iceland and in the Yellowstone Park. But one rock (from 
Hverarénd, Iceland) highly altered by fumarole gases has as much as 0.480 per cent F. 

Many more analyses are necessary before the geochemical cycle of this freakish ele- 
ment will be understood. 
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EUCHROITE AND CHALCOPHYLLITE 
L. G. BERRY AND H. R. STEACY 
Queen’s University, Kingston, Ontario 


New observations on euchroite from Libethen, Hungary, and on chalcophyllite from 
Braden Mine, Chile, combined with existing chemical analyses yield the following data 
on these minerals: 

Euchroite: orthorhombic; disphenoidal—D} — P2;2121; the unit cell, with a=10.05, 
b=10.50, c=6.11 kX, a:b:c=0.957:1:0.582, contains CusAssH2s032=4[CuzAsO.(OH) 
- 3H.O]. Specific gravity, measured 3.41; calculated 3.45. Haidinger (1825) obtained ortho- 
thombic elements which, transformed to our setting by interchange of axes, give a:b:c 
=0.9635:1:0.5866. Optical characters; biaxial, positive, Z=6, optic plane||(001), 2V =31°. 

Chalcophyllite: hexagonal; scalenohedral, possible space group DS,—R3m; the unit 
cell, with a=10.75, c=57.40 kX, a,,=20.49 kX, a=30°40’, a:c=1:5.351, contains 
CuysgAleAsgS3H 99097 = CursAle(AsOx)3(SOx)3(OH)27 -36H2O in the rhombohedral cell. Spe- 
cific gravity, measured 2.67; calculated 2.60. Palache (1909) obtained elements in hexagonal 
notation which, with ¢ doubled, give a:c=1:5.343. The museum specimen of chalcophyl- 
lite studied here is partially dehydrated with w= 1.68. After exposure to a moist atmosphere 
for two weeks w had changed to 1.62, agreeing closely with the observations of Shannon 
(1924) on fresh material. The partially dehydrated material has a well marked pseudo-cell 
with a’=a@ and ¢c’=c/2. 


LIROCONITE 
L. G. BERRY AND T. DAVIS 
Queen’s University, Kingston, Ontario 


X-ray and density measurements on liroconite from Cornwall, England, combined 
with the existing chemical analyses lead to the following description of this mineral. 

Liroconite: monoclinic; prismatic—C;, —I2/a; the unit cell, with a=12.67, b=7.55, 
c=9.86 kX, 8=91°23’, a:b:c=1.679:1:1.306, contains CusAl4(As,P)4H4sOus = 4[CueAl- 
(As,P)O4(OH)4-4H20] with As:P in the ratio 3:1. Specific gravity, measured 3.01; cal- 
culated 3.08. Des Cloizeaux (1859) obtained monoclinic elements which, transformed to 
our setting by interchange of a and ¢, give: a:b:¢=1.6808:1:1.3191; 8B=91°27’. Observed 
forms m(110), e(011). 


GRANITES OF THE FRONT RANGE: PEGMATITES ASSOCIATED WITH 
THE LONGS PEAK-ST. VRAIN BATHOLITH 


MARGARET FULLER BOOS 
Denver, Colorado 


Pegmatites are abundant in some areas and very scarce elsewhere in the Longs Peak- 
St. Vrain batholith and the enclosing metasedimentary formations. At least 90 per cent, 
by volume, of the pegmatitic material is concentrated in marginal parts of the complex 
mass of thick granite sheets and cupolaed stocks of the batholith and in contiguous schists. 
Large bodies of pegmatites show a definite relationship between their size, shape, structure, 
distribution and certain environmental conditions in and around the batholith. 

The parent magma (Silver Plume type) produced granite with marked trachytoid ar- 
rangement of the numerous potash feldspar crystals. Locally this habit extended to the 
offspring pegmatites. Longs Peak pegmatites carry chiefly potash feldspar, glassy to gray 
quartz, and muscovite. The satellitic Mt. Olympus granite and pegmatite contain original 
plagioclase feldspar (albite-oligoclase), smoky quartz, and biotite. None of the many hun- 
dred pegmatites examined show replacement minerals or hydrothermal textures. The 


pegmatites of Longs Peak or Mt. Olympus origin did not develop much beyond the mag- 
matic stage. 
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THE STRUCTURE OF NEPHELINE 
M. J. BUERGER, GILBERT E. KLEIN, AND GABRIELLE HAMBURGER 
Massachusetts Institute of Technology, Cambridge, Massachusetts 


A Weissenberg study of nepheline shows that it belongs to space group H6,; and has 
cell edges, a= 10.05 A and c=8.38 A. The unit cell contains 8NaAlSiO,. 

The intensities of all reflections which can be recorded with filtered copper radiation 
were determined using a modified Dawton method. From these data Harker syntheses were 
prepared and studied in the implication diagrams [3(xy0) and 16(xy3). This permitted 
location of all the metal atoms, but the oxygen atoms were insufficiently defined to be 
located by this method. 

Assuming that the metal atoms alone determined the 420 phases, a preliminary elec- 
tron-density map, p(xy0), was prepared. This roughly revealed the oxygen locations. Em- 
ploying the new atomic locations, the signs of F(Zk0) were recomputed and a new electron- 
density map was prepared. By successive approximations the x and y parameters were 
arrived at. 

The z parameters have been studied first by one-dimensional Harker syntheses, 
P(x1y:z), and later by a series of non-centrosymmetrical electron-density projections 
through planar sections, such as p(x 2/3 z) and p(x0z). The parameters arrived at are as 
follows: 


x y ba 
(approximate) 

Na(=K) in 2a: 0 0 0 
Si, in 2b: iis) 2/3 .82 
Al, in 2b: 1/3 2/3 .18 
O; in 2b: 1/3 2/3 0) 
Naz in 6c: .O1 43 0 
Sig in 6c: .09 233: 33 
Ale in 6c: .09 33 .67 
Oz in 6c: .09 236 50 
O3 in 6c: pal 752 5 
Og in 6c: oli nO2 29 
Os in 6c: 225 .28 25 
Os in 6c: 225 .28 old 


The structure of nepheline proves to be based upon the tridymite structure, with NaAl 
substituted for half of the Si atoms, as originally predicted by Schiebold. The Na;(=K) 
atoms occupy large holes, and the Naz atoms occupy smaller holes produced by collapse 
of voids in the tridymite structure. Chemical analyses bear out the view that two of the 
eight alkali atoms are potassium and not sodium, so that the formula of nepheline is really 
KNasAlSisOy. 

The implication diagram J6(xy3) provides evidence for assuming that the atoms on 
the three-fold axes are in motion. 


CRYSTALLIZATION PHENOMENA IN VOLCANIC EJECTA FROM KILAUEA, HAWAII 
RANDOLPH W. CHAPMAN 
The Johns Hopkins University, Baltimore, Maryland 


The eruption of Kilauea volcano in Hawaii in May 1924 was of particular interest be- 
cause it involved many violent explosions, phenomena not common to Kilauean activity. 
During the eruption a large number of angular blocks of lava were expelled from the 
volcano’s orifice and scattered over the fluor of the caldera around the great firepit, Hale- 
maumau. 
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One particular rock type is a glass-bearing basalt consisting of microphenocrysts of 
olivine and augite set in a groundmass of labradorite, augite, and basaltic glass, with minor 
accessories. The labradorite and most of the augite are arranged radially, forming vario- 
litic structures about 3 millimeters in diameter. Glass fills the interstices between mineral] 
grains. 

The texture of the basalt and the paragenesis of its minerals suggest that the normal 
basaltic magma, from which it was apparently derived, passed through 3 distinct stages in 
the process of cooling. During Stage 1 the magma cooled slowly and developed micro- 
phenocrysts of olivine and augite. Stage 2 began when the magma was intruded as a sill- 
like mass into the hot walls of the Halemaumau firepit. The magma, now cooling more 
rapidly, precipitated crystals of labradorite and augite as radial intergrowths. In Stage 3 
portions of the intrusion were torn violently from the wall of Halemaumau firepit and 
hurled high into the air, causing the residual liquid in the pore spaces to be chilled to a 


glass. 
DIFFERENTIAL THERMAL ANALYSIS OF SOME CARBONATE MINERALS 


F. L. CUTHBERT 
National Lead Company, Los Angeles, California 
AND 
R. A. ROWLAND 
Shell Oil Company, Houston, Texas 


Differential thermal analysis curves are presented for ten of the more common carbon- 
ate minerals of known purity. The characteristic curves given should aid in detecting the 
presence of these minerals when they occur in clays or soils being analyzed by this method. 
The use of differential thermal analysis is suggested for industries utilizing carbonate min- 
erals or their by-products. 


SEARLESITE FROM THE GREEN RIVER FORMATION OF WYOMING* 
JOSEPH J. FAHEY (with «-ray analysis by JOSEPH M. AXELROD) 
U. S. Geological Survey, Washington, D. C. 


Searlesite has been found in the drill core of the John Hay, Jr., Well #1 at a depth of 
1,480 feet and in the Union Pacific drill core #4 at 1,706 feet, approximately 18 and 20 
miles, respectively, west of the City of Green River. This is the third recorded occurrence 
of searlesite. 

Searlesite occurs in low grade oil shale associated with shortite and an undetermined 
fibrous mineral. Large anhedral crystals 5 cm. across and up to 3 mm. thick lie parallel to 
the bedding of the shale. 

The optical properties of the searlesite from Wyoming agree with those already deter- 
mined. The indices of refraction were measured in sodium light: a=1.525, 8=1.531, and 
y=1.535. X-ray diffraction photographs and chemical analysis identify the Wyoming 
mineral as searlesite. 


* Published by permission of the Director, Geological Survey, U. S. Department of 
the Interior. 
A SIX-TARGET COLD-CATHODE X-RAY DIFFRACTION UNIT 
H. W. FAIRBAIRN 
Massachusetts Institute of Technology, Cambridge, Massachusetts 


Using basic designs described by Buerger and Chesley a cold-cathode diffraction unit 
has been built which, by rotation of a taper sleeve in the side of the tube, gives CuyFe, Co; 
Ni, Cr, or Mo radiation as desired, without disturbance of the operating gas pressure. 
This feature increases many times the efficiency of work where more than one target is 
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essential, such as (1) identification by the powder method of crystalline compounds of wide 
compositional range, (2) precision determination of lattice constants by the single-crystal 
method. Additional features of this improved equipment are, (1) elimination of auto- 
transformers and rectification valves, (2) use of a transformer instead of a resistor to con- 
trol the primary current, (2) permanent seals for the windows (beryllium) and for the glass 
insulating cylinder, (4) adjustable target-cathode distance, and air-cooling of cathode witb- 
out a blower, (5S) unusually short evacuation line direct to a mechanical pump, with the air 
intake valve mounted directly on the tube, (6) short target-collimator distance and rigid 
attachment of camera base to frame of tube. 


THERMAL ANALYSIS OF THE MAGNESIUM MINERALS OF THE CURRANT 
CREEK MAGNESITE DEPOSITS, CURRANT CREEK, NEVADA* 


GEORGE T. FAUST 
U. S. Geological Survey, Washington, D. C. 


Thermal analysis methods were used in connection with the study of the mineralogy 
and petrology of the Currant Creek magnesite deposits of Nevada. The minerals present 
are carbonates, hydroxides and basic carbonates and of the hydrous magnesium silicates. 
Some relationships with other occurrences of related minerals are outlined. 


* Published with the permission of the Director, Geological Survey, U. S. Department 
of the Interior. 


THE UNIT CELL OF GLAUCODOT 
R. B. FERGUSON 
University of Toronto, Toronto, Ontario 


A large typical crystal of glaucodot (Co, Fe) AsS, from Hakansbé, Sweden, shows a good 
prismatic cleavage (110) and a poor pinakoidal cleavage (001), in the preferred original 
setting. Rotation and Weissenberg photographs on a cleavage fragment turned about 
[001] show no significant departure from orthorhombic symmetry and lead to a C-type 
cell with a=6.63, b=28.33, c=5.63 kX, Z=24, G=6.15 (calc. for Co: Fe=1:1), 6.06+0.05 
(meas. Frondel). Additional abnormal systematically missing spectra indicate, however, 
that this is an apparent lattice due to two coexisting rectangular lattices: I, P-type, with 
a’=a/2, b'=b/2, c'=c, Z'=6; Il, C-type, with a’’=a, b’’=6/3, c’’=c, Z''=8. The lat- 
tice II, which is the weaker, compares with that of arsenopyrite (@=6.42, b=9.51, c= 
5.65 A, Buerger) and is clearly reflected in the morphology. The only existing cell dimen- 
sions for glaucodot are a=6.67, b=4.81, ¢=5.73 A (de Jong, powder method). 


THREE-DIMENSIONAL PROJECTION IN GEOLOGICAL TRAINING 
D. JEROME FISHER 
University of Chicago, Chicago, Illinois 


In November 1940 the writer built a twin projector* using 500-watt bulbs, each objec- 
tive carrying a polaroid plate. This was fitted to take 2 by 44-inch glass slides in which 
were mounted a stereoscopic pair of photographs made on standard (double frame) 35 mm. 
film, either black and white or colored. Later a simple stereoviewer, with which students 
could individually study the stereoslides was described. Brief directions for taking stereo- 
photographs with a single-lens camera and for mounting stereopairs in slides to be used 
for projection purposes were included. 


* Fisher, D. Jerome, Projector for Stereoscopic Pictures, Amer. Jour. Physics, 10 (1), 


Feb. 1942, 46-49. ‘ ’ 
, Stereoscopic Projection and Map Reading. Amer. Jour. Sci., 240, Sept. 1942, 


Tt 
642-048, 
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The writer now has nearly 500 stereoslides, many in color. A small selection from these 
will be shown on the University of Chicago campus to limited groups on Saturday, Decem- 
ber 28, as noted in the program. Besides illustrating various subjects by means of vertical 
aerial photographs, some of which are accompanied by matching contour maps or terrestrial 
stereophotos, slides will be shown of applications to morphological, optical, physical, and 
structural crystallography. This occasion will also be taken to demonstrate a simple (non- 
stereoscopic) projection of the famous Mitscherlich experiment on a modified piece of stand- 
ard apparatus; this presents in color the decrease of optic axial angle (to uniaxiality) in 
gypsum with rise in temperature. 

There is need for cooperation in preparing stereoslides for use in the various phases of 
geological instruction. Block diagrams and structural interpretations are obvious fields. 
There should be many possibilities for phantom stereopairs, such as would show an indica- 
trix properly placed inside a crystal drawing. These may also be made by photography— 
for instance, the photograph of an armature and then the motor casing to fit around it 
(double exposure stereophotography). The writer would like to hear from those interested 
in stereoscopic work as applied to the geological sciences, and would be glad to exchange 
copies of suitable stereophotographs. 


TOURMALINE PRESSURE GAUGES 
CLIFFORD FRONDEL 
Harvard University, Cambridge, Massachusetts 


During the war years, single crystals of tourmaline were an important industrial raw 
material for use in piezoelectric gauges for the measurement of blast pressures in air and 
under water. The gauges comprise thin discs of tourmaline from 4 inch up to several inches 
in diameter cut perpendicular to the c-axis and used singly or in stacks. The design and 
construction of the gauges is described in detail. The piezoelectric response of the tourma- 
line to the transient pressure wave is amplified and recorded on associated electronic equip- 
ment and both the magnitude of the pressure and the wave-form deduced thereby. Tran- 
sient gauge-pressures of less than an ounce to over 40 tons per square inch have been in- 
vestigated by such means. 

The sources of supply, price, and factors determining the usability of raw tourmaline 
for the purpose are discussed. Tourmaline for radio oscillator-plates must be entirely 
free from imperfections, and requires crystals of gem quality, but material for gauges can 
contain a considerable amount of cracking. Most of the tourmaline employed was of low- 
iron, high-alkali types from Brazil and Madagascar and the domestic production was 
negligible. Black tourmaline is generally unsuitable. Crystals over two inches or so in cross 
section were in particularly short supply. Such crystals are used in the construction of air- 
blast gauges, in which the relatively low incident pressure, at most only a few hundred psi, 
must be compensated by increased surface area of the discs in order to obtain an adequate 
signal. Tourmaline is responsive piezoelectrically to hydrostatic pressure and because of 
this and its high mechanical strength and chemical stability is used in preference to quartz 
and various water-soluble salts such as ADP and Rochelle salt. 


MINERALS OF STEAMBOAT SPRINGS, NEVADA 
VINCENT P. GIANELLA 
University of Nevada 
AND 
DONALD E. WHITE 
U. S. Geological Survey 


Recent studies at Steamboat Springs have brought to light many features of interest 
to geologists. Many minerals have been found that have not been previously reported from 
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the area. Deposition of stibnite and gold at the surface is of freqeuent occurrence and mer- 
cury has been detected in the gases. Cinnabar, notwithstanding published statements to the 
contrary, is found abundantly in the siliceous sinter. Sulfides, deposited in granodiorite 
have been oxidized with the formation of sulfuric acid and numerous sulfates of copper and 
iron. The descending sulfate-bearing meteoric water encounters heated vapors with the 
resulting deposition of supergene sulfides. The dombined action of the meteoric water and 
the hot vapors causes intense alteration of granodiorite and basalt. The resulting end prod- 
uct consists largely of quartz, opal, chalcedony, and clay minerals. 


SODIUM BICARBONATE (NAHCOLITE) FROM GARFIELD COUNTY, COLORADO* 
JEWELL J. GLASS 
U.S. Geological Survey, Washington, D. C. 


A notable occurrence of colorless, transparent, crystalline sodium bicarbonate, nah- 
colite (NaHCOs) has been found in the Mahogany oil-shale bed in the Green River forma- 
tion (Eocene), Garfield County, Colorado. The nahcolite was found in cavities in pods or 
pockets of “salt crystal’? masses in the shale at a depth of 412 feet. The pockets range 
in size from 6 inches to 2 feet in diameter. Nahcolite occurs as crystalline masses which 
break easily into tabular cleavage pieces many of which show rhombic outline similar to 
calcite. Nahcolite is monoclinic. It has a vitreous luster. Brittle; fracture conchoidal. Cleav- 
age in three directions; one (010) perfect, two good. 

Optically the mineral is biaxial negative, 2V =77° (Ca.). Dispersion is distinct, » greater 
than r. Cleavage pieces parallel to the perfect cleavage give a well centered biaxial figure, 
showing that the acute bisectrix X is normal to, or nearly normal to, the cleavage. The plane 
of the optic axes is parallel to the perfect cleavage. The indices of refraction are: a=1.374, 
B=1.499, y=1.583. B=.209. 

This is the second verified occurrence of free sodium bicarbonate as far as is known, 
the first being at Searles Lake, California. 


* Published with permission of the Director, Geological Survey, U. S. Department of 
the Interior. 
CHALCOSIDERITE AND TURQUOISE 


A. R. GRAHAM AND L. G. BERRY 
Queen’s University, Kingston, Ontario 


An x-ray study of chalcosiderite from Wheal Phoenix, Cornwall, and turquoise from 
Campbell County, Virginia, combined with existing analyses, vields the following descrip- 
tive data: 

Chalcosiderite: triclinic-pinacoidal; unit cell, with a=7.66, b=10.18, c=7.88 kX, 
a=112°29’, B=115°18’, y=69°00', a:b:¢=0.7525:1: 0.7741, contains CuFes(PO,)4(OH)s 
-4H,0. Specific gravity, measured 3.22; calculated 3.26. Maskelyne (1875) obtained ele- 
ments which, transformed to our setting, give a:b:c=0.7505:1:0.7703, a=112°18’, 
B=115°18’, y=68°32’. 

Turquoise: triclinic-pinacoidal; unit cell, with a=7.47, b=9.93, c=7.67 kX, a= 111°39’, 
B=115°23’, y=69°26’, a:b:¢=0.7523:1: 0.7724, contains CuAls(PO,)4(OH)s - 5H20. Spe- 
cific gravity, measured 2.84; calculated 2.95. Schaller (1912) retained Maskelyne’s chalco- 
siderite elements for turquoise. 


IMPROVED APPARATUS FOR DOUBLE-VARIATION PROCEDURE 
CORNELIUS S. HURLBUT, JR. AND DONALD M. HENDERSON 
Harvard University, Cambridge, Massachusetts 


In working with the double variation method for refractive index determination as 
proposed by Emmons, several difficulties are encountered which somewhat complicate the 


202 ClSHHUREBUA I Re 


procedure. These are chiefly the inability to control the temperature accurately; the col- 
lection of bubbles in the water cell on the stage; and the necessity of using an arc light for 
illumination. The first two difficulties have been eliminated by constructing a simple re- 
circulating system in which a small volume of water free from air is used continuously. 
The temperature of this water is controlled by a thermostat that can be adjusted for any 
predetermined value. 

An arc has been necessary so that monochromatic light of sufficient intensity could be 
obtained with a monochromator. A new type of transmission interference filter is now 
available which enables one to obtain light of a given wave length of high intensity using a 
lamp with an incandescent element. 


LIQUID INCLUSIONS IN GEOLOGIC THERMOMETRY 
EARL INGERSON 
Geophysical Laboratory, Washington, D. C. 


Most vein minerals and many of those in igneous rocks contain liquid inclusions. A 
satisfactory method of determining temperatures of crystallization from the liquid inclu- 
sions would aid in the solution of many problems of geologic thermometry. 

Recent data on the specific volume of water at high temperatures and pressures allow 
much more accurate determination of the effect of pressure than has been possible before, 
and data on the critical temperatures of aqueous solutions of alkali halides provide the basis 
for better evaluation of the effect of concentration. 

Curves have been prepared showing the relation of degree of filling of inclusions and 
temperature of disappearance of the vapor phase, both for pure water, and for a 10 per cent 
solution. A series of curves shows the relation between the temperature of disappearance of 
the vapor phase, pressure at the time of formation and temperature of formation. 

For vein and pegmatite quartz studied, where pressures can be estimated from the 
amount of overburden at the time of formation, pressure corrections range from about 45° 
to 90°C. 

THERMAL ANALYSIS OF MISSOURI FIRE CLAYS 
W. D. KELLER AND JAMES J. WESTCOTT 
University of Missouri, Columbia, Missouri 


Mineralogical determinations by the thermal analysis method were made of a wide 
variety of Missouri fire clays and the clay fractions of several other argillaceous sediments. 
The common hard flint fire clay gives a typical kaolinite curve, but the so-called “soft 
flints” show both endothermic and exothermic reactions at slightly lower temperatures 
than does kaolinite. Some plastic fire clay is dominantly kaolinite but curves of other 
varieties indicate mixtures, possibly montmorillonite with kaolinite. The high alumina 
clays contain kaolinite, diaspore, gibbsite, and boehmite. 

A clay from loess is illite, and clays from shale suspensions give illite and kaolinite re- 
actions. Comparative curves of the clays are shown. 


“ALTERATION STUDIES” 
PAUL F. KERR 
Columbia University, New York, New York 


Leaders in mineral industry are becoming aware of the need for improvement in the 
methods of mineral exploration. Among different techniques which have appeared from a 
variety of sources, the so-called “alteration studies” provide one avenue along which to 
approach the problem of enlarging our known mineral reserves. 

The technique of alteration study is one of combined field and laboratory investigation. 
The laboratory work is based to a considerable degree upon the methods and results of in- 
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vestigations of the clay minerals. These studies have accumulated data and methods now 
proving generally applicable. 

Alteration studies have been undertaken in a number of the more important mining 
districts of the west of late. Investigations to date are more or less experimental in scope, 
but results secured in certain localities suggest that the transition to a stage of broader ap- 
plication may be near at hand. 


CLINOHUMITE AND ASSOCIATED MINERALS FROM DILLON, MONTANA*t 
MARIE LOUISE LINDBERG 
U. S. Geological Survey, Washington, D. C. 


Clinohumite from Dillon, Montana, occurs as aggregates several centimeters thick of 
red anhedral grains in an enstatite rock associated with actinolite, anthophyllite, spinel, 
magnetite, clinochlore, phlogopite, and forsterite. Its indices of refraction with sodium 
light are: ~=1.655, 8=1.678, y=1.700. 2V is very close to 90°. The dispersion is strong. 
The pleochroism is X=orange, Y=pale orange, Z=yellow. 

The earliest minerals to form are spinel, forsterite, and enstatite. Spinel is poikilitically 
enclosed in enstatite. Phlogopite, actinolite, and anthophyllite invade the forsterite and 
enstatite. Spinel is greatly attacked when actinolite was introduced. Clinohumite is one of 
the latest minerals to form, and replaces forsterite almost completely. Excess iron from the 
formation of actinolite and clinohumite is found as magnetite. Clinochlore is associated 
with the clinohumite and magnetite. 


* Published by permission of the Director, Geological Survey, U. S. Department of the 
Interior. 
THE PENA BLANCA METEORITE, BREWSTER COUNTY, TEXAS 
JOHN T, LONSDALE 
University of Texas, Austin, Texas 


The Pefia Blanca meteorite fell August 2, 1946, in the swimming pool at the headquar- 
ters of the Gage Ranch near Marathon in Brewster County, Texas. Twenty-four people were 
within a few hundred feet of the point of fall, and one person saw the meteorite in flight. 

Approximately 70 kg. (152 lbs.) of the meterorite was recovered consisting of one frag- 
ment of 47 kg. (104 lbs.), one fragment of 13 kg. (29 lbs.) and many-smaller pieces down to 
mere grains. Reconstruction of the shape indicates that all but a few pounds of the stone 
have been recovered. 

The meteorite is a white achondrite with a cream colored crust and remarkable por- 
phyritic texture. One phenocryst of pyroxene is 10X6X6 cm., another is 6X 3X3 cm., and 
a number are larger than 3X3X3 cm. The groundmass shows considerable variation in 
grain size with abundant smaller grains 0.15 mm. in size. 

Orthorhombic pyroxene is the principal constituent of the meteorite. Monoclinic pyrox- 
ene and olivine are of secondary importance. A very small amount of metal and sulfide 
is present, and there is a trace of plagioclase feldspar. 


AN IMPROVED METHOD OF COUNTING OUT PETROFABRIC DIAGRAMS 


KURT E. LOWE 
College of the City of New York 


In place of the conventional center and peripheral counters, a single sheet of millimeter 
graph paper is used on which a small number of suitably arranged 1 per cent counting cir- 
cles (1 cm. diameter) are drawn in ink. The point diagram is plotted on transparent cellu- 
lose acetate and provided with a tracing paper overlay upon which the contour diagram is 
drawn. Counting out involves successive 360° rotations of the superposed point diagram 
about a few appropriate centers marked on the grid. The counting circles and their centers 
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are readily visible through the overlays and indicate the desired 1 per cent counting areas 
for all positions of rotation. Percentage figures appear in circular arcs 3 cm. or } cm. apart, 
depending upon accuracy required, and concentric about the center of the diagram. Pe- 
ripheral counts are made by utilizing opposing pairs of complementary circle segments 
drawn on the same grid. Similar provisions are made for azimuth counts. 

This procedure is not only more rapid than the present method, but also reduces 
fatigue resulting from constant shifting and centering of the conventional counters. Its 
particular advantage lies in greater accuracy of contouring, since continuous rotation of the 
point diagram permits determination of the critical loci of change in percentage figures. 


THE USE OF KODACHROME SLIDES IN TEACHING ELEMENTARY 
MINERALOGY AND LITHOLOGY 


V. B. MEEN 
University of Toronto, Toronto, Ontario 


During the past year the number of students taking elementary mineralogy and 
lithology at the University of Toronto has become so great that the author has found it 
impracticable to continue illustrating his lectures with actual specimens. Instead, a library 
of Kodachrome slides has been built up and these are projected on the screen. This method 
has the advantage of placing before the students specimens of the finest quality on a scale 
where the details may be observed clearly by all simultaneously and without damage to 
the specimens. 

FUSED WOOD-ASH STONES: FAIRCHILDITE (n.sp.) K,CO;*CaCO;, BUETSCHLIITE (n.sp.) 
3K:CO;*2CaCO;:6H:0, AND CALCITE, CaCO;, THEIR ESSENTIAL COMPONENTS 


CHARLES MILTON AND J. M. AXELROD 
U. S. Geological Survey, Washington, D. C. 


Stones found in the trunks of standing partially burned forest trees are produced by 
fusion and subsequent crystallization of the ash of the wood. Freshly formed stones con- 
sist essentially of fairchildite; on wetting, or by atmospheric hydration this is converted 
to buetschliite and calcite. On further leaching, the buetschliite is decomposed to calcite 
and water-soluble potassium carbonate. The presence of the first three carbonates in wood- 
ash stones is established, and a general account of these with a review of pertinent literature 
is given in this paper. The artificial compounds corresponding to fairchildite and buet- 
schliite were prepared and analyzed by Otto Buetschli, in 1901-1905, but have not hitherto 
been found in nature. Fairchildite is hexagonal, e= 1.48, w=1.530, and buetschliite is prob- 
ably also hexagonal, with e=1.455, w=1.595. 


NUEVITE, A NEW RARE-EARTH MINERAL FROM CALIFORNIA 
JOSEPH MURDOCH 
University of California at Los Angeles 


A heavy black mineral from the Southern Pacific Silica quarry near Nuevo, Riverside 
County, California, is shown to be a titano-niobate of yttrium and iron, with an additional 
fractional per cent of tantalum. Spectroscopic analysis fails to show other rare elements, 
even in traces. The mineral thus appears to be a very simple member of the eschinite, 
samarskite, polycrase-euxenite group. It differs notably from any of the known species 
of this group, and thus seems to be a new mineral, for which the name “nuevite”’ is pro- 
posed. 

Its properties are as follows: crystals prismatic in habit, square or rectangular, with 
orthorhombic (?) symmetry. Color black, highly brilliant on fresh fracture. Nearly opaque, 
but transparent brown in very thin flakes. No cleavage. Fracture flat conchoidal. H 6.5, 
G 6.4. Optically isotropic, index 2.23. Fusible, yielding a little water in closed tube. 
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It occurs in grains and crude crystals in quartz, associated with a little cyrtolite and 
black tourmaline. 


ZONES AND REPLACEMENT BODIES IN THE HUGO PEGMATITE, 
KEYSTONE, SOUTH DAKOTA 


JAMES J. NORTON AND LINCOLN R. PAGE 
U.S. Geological Survey, Washington, D. C. 


The Hugo pegmatite, one mile south of Keystone, South Dakota, crops out as an 
irregular body about 580 feet long and 480 feet wide. It consists of two zoned segments 
separated in part by quartz mica schist. The long axis of the outcrop trends northwest, but 
the individual segments strike east-northeast and dip north. Apparently the northern seg- 
ment thickens and the southern segment thins with depth. 

Three types of structural units of pegmatite are recognized: zones, fracture fillings, 
and replacement bodies. The essential minerals of the zones from the pegmatite contact 
inward are: (1) oligoclase and quartz; (2) quartz, oligoclase-albite, and muscovite; 
(3) quartz, albite, and perthite; (4) quartz, cleavelandite, perthite (and microcline), and 
amblygonite; (5) quartz, microcline, and spodumene; (6) quartz and microcline; and (7) a 
core of cleavelandite, microcline, and lithia mica. Zone 3 is divided into three sub-zones 
on a basis of the proportion of perthite. The northern segment contains only zones 1 through 
4. 

Fracture fillings and replacement bodies of quartz-cleavelandite-perthite (and micro- 
cline), cleavelandite-quartz-lithia mica, and cleavelandite-quartz-microcline-lithia mica 
pegmatites cut all zones except the core. The largest replacement body is an offshoot of the 
core and crosses three zones that can be recognized by relict textures and minerals. Tex- 
tures of the replacement bodies are distinguishable from the earlier replacement textures 
formed as the zones were first becoming consolidated. 

Variations in composition of individual minerals and the abundance of replacement 
textures are correlated with the sequence of structural units. 


RELATION OF PARAVAUXITE AND GORDONITE 
E. W. NUFFIELD 
University of Toronto, Toronto, Ontario 


Paravauxite was described by Gordon as a triclinic mineral with the composition 
FeO - Al,O3- P20;-11H2O (1922) or FeO-Al,0;:P20,:10H:O (1944). Gordonite is the 
name given by Larsen & Shannon to the crystallographically similar mineral with the 
composition MgO- Al,03: P205:9H2O (1930). Determinations of the unit cells of these 
two minerals, from sharp rotation and Weissenberg photographs, gave the following results 
in comparison with previous crystallographic data: 


a b Cc 


Paravauxite 5.23 10.52 6.955 kX 


°16}’ 1°24’ = 72°29" 1 
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(1) E.W.N., x-ray. (2) Gordon, gon., preliminary values (1944), transformed. (3) 
E.W.N., x-ray. (4) Larsen III, x-ray (1942). (5) Pough, gon. (1937). 

With FeO - Al:O3: P:0;:9H2O in the unit cell, G (calc.) for paravauxite is 2.375 com- 
pared to 2.358 (meas., Gordon) and this composition is also consistent with the recent 
analyses. 


ELLIPSOIDAL STRUCTURES IN GLASS 
E. F. OSBORN 
Pennsylvania State College, State College, Pennsylvania 


Some novel optical glasses made recently contain ellipsoidal structures similar in many 
respects to pillow lava structures. The structures are shaped by convection currents in the 
liquid. The border of the ellipsoidal structures is schistose and commonly remains a glass 
even though the interior crystallizes. The difference in rate of crystallization of border and 
interior is a result of a difference in chemical composition and rate of cooling. 


TWO SIMPLE TRANSFORMATIONS OF BRAVAIS SYMBOLS 
ARTHUR L. PARSONS 
Royal Ontario Museum of Geology and Mineralogy, Toronto, Ontario 


Simple transformation of Bravais symbols demands two zero points. Of the 144 pos- 
sible simple transformations of Bravais symbols from a; a2 a3 axes to ay’, ag’, ag’ axes, re- 
ferred to all possible zero points, with clockwise and counter clockwise succession of axes, 
there are twelve types, one of which is in simple accord with the transformation equation 

tan’o —3x?-c/3a2=y?-c?/3a? 
where 


- 4h?+-4hk+4k?  ¢? 
Yi 2 3a? 


tan? p 


and 
x=h/] or k/1] or (h+k)/1 
and y =(h+2k)/1 or (2h+k)/I or (h—k)/1 

This type transforms (hkil) to ((h-+2k] -(2h+k]-[h—k]-1) or (h’k’k’l). 

Another type transforms (hkil) to (h’k’il). The other ten types are only briefly dis- 
cussed. All are in accord, graphically, with the transformation equation, but, in general, 
the assignment of the transformed indices to the proper axes requires reference to the 
gnomonic projection. 


CONTACT METAMORPHIC MINERALS IN THE MELTING OF OPTICAL GLASS 
WILLARD H. PARSONS 
Wayne University, Detroit, Michigan 
AND 
HERBERT INSLEY 
Bureau of Standards, Washington, D. C. 


Petrographic studies made at the National Bureau of Standards on the attack by vari- 
ous optical glasses on refractory clay pots revealed the presence of crystalline compounds 
analogous in composition and properties to several natural minerals. The description of 
the compounds found, together with data on the conditions and associations in which they 
were found, may give clues as to the source of the corresponding minerals. With barium 
glasses, celsian formed as bladed crystals at the pot-glass interface and also was abundant 
within the corroded refractory. Sanbornite was present sparingly with the celsian but was 
more commonly found as devitrification stones in the glass itself. Zinc spinel developed in 
the refractory as small, perfect octahedrons. Nephelite-kaliophillite and carnegieite solid 
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solutions were present as reaction rims at the pot-glass interface. Mullite occurred abun- 
dantly in needles, corundum in thin, pleochroic plates, and cristobalite in skeletal crystals. 

The formation of corundum by the action of a melt containing silica and alkalies on an 
aluminum silicate wall material is explained by the phase relationships in the system 
Na,O-A1l,03-SiO»s and may be similar to the origin of corundum at the contact of synenite 
with aluminum silicate country rock. The presence of celsian and sanbornite in the refrac- 
tory may also parallel natural occurrences in contact zones. Nephelite and carnegieite solid 
solutions occur together only at high temperatures under known equilibrium conditions. 
The formation of zinc spinel by glasses with only 3 per cent of zinc is in accordance with 
the large field of zinc aluminate in the system SiO2-ZnO-Al.Os. 


INDEXED X-RAY POWDER SPECTRA OF THE ORE MINERALS 
M. A. PEACOCK 
University of Toronto, Toronto, Ontario 


A satisfactory standard x-ray powder spectrum consists of good reproductions of powder 
films made on authentic natural and, if possible, artificial material with Cu/Ni or Fe/Mn 
radiation, accompanied by a table giving the unit cell constants (corrected if necessary), 
the observed intensity of each powder ring on a scale of 10, the measured glancing angle, 
the measured interplanar spacing, the indices (h&/) of the reflecting planes, and the calcu- 
lated spacing. A full set of such spectra is being prepared in Toronto to supplement existing 
réntgenographic data for the identification of the ore minerals. 


NEW CHARTS FOR TEACHING CRYSTALLOGRAPHY 
TERENCE T. QUIRKE 
University of Illinois, Urbana, Illinois 


Charts have been prepared on the basis of Maugin’s system as used in the International 
Tables. One chart is drawn to illustrate forms characteristic of the 32 classes, indicating 
the elements of symmetry for each class. Another chart lists in parallel rows, names of 
classes according to three representative nomenclatures, the number of faces in the form, 
the elements of symmetry, the symmetry notations, with the addition of the space lattice 
groups pertaining to each crystal class and point group. These charts make a very con- 
venient reference and have proved to be a great aid in teaching crystallography. 


PREPARATION OF RUTILE TITANIUM DIOXIDE 
TERENCE T. QUIRKE AND ROBERT STEINMAN 
University of Illinois, Urbana, Dlinois 


Rutile occurs in nature in low temperature quartz, but seems not to be stable syntheti- 
cally below 1040°C. By heating anatase intimately ground with another compound of the 
rutile lattice structure to 900°C. for two hours part conversion to rutile was achieved 
within the brookite range. However, with the addition of SiO: almost perfect conversion to 
rutile was accomplished in nearly every case. Germanium dioxide was also found to be effi- 
cacious. 

The use of silica to coerce the formation of the rutile structure differs from the common 
use of seed crystals in that it involves the mutual packing effects of lattices which are not 
isomorphous. In this respect the procedure is thought to be unique. 


THE COMPOSITION AND UNIT CELL OF HYDROZINCITE 
LEWIS S. RAMSDELL 
University of Michigan, Ann Arbor, Michigan 


Specimens of hydrozincite from Goodsprings, Nevada, show tiny crystals projecting 
from fine-grained massive material. The crystals are blade-like, and taper to a sharp point. 
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They are up to 2 mm. in length, slender, and very thin. The only well-developed form is the 
pinacoid (100). Edge faces give very indistinct reflections on the goniometer, and no 
measurable terminal faces were observed. Weissenberg photographs confirm the previous 
assignment to the monoclinic system. The space group is either C./m, C,, or Cs, the char- 
acteristic missing Al reflections being those with k+ odd. Unit cell dimensions, derived 
from 0-level, b- and c-axis rotations, are: a=13.452 kX, b=6.307, c=5.357; B=95°30’ 
(x-ray). The volume of the unit cell, together with the values of d given in the literature, 
3.6-3.8, do not give any simple proportions of Zn(CO3) and Zn(OH)2. Tests in Clerici 
solution indicate a d close to 4.0, and this agrees well with a unit cell composition of 
4Zn(COs) : 6Zn(OH):. 

Crystals of aurichalcite from the Magdalena district, New Mexico, closely resemble 
those of hydrozincite, except for their pale green color. However, Weissenberg photographs 
indicate that, although closely related, aurichalcite is not isomorphous with hydrozincite. 


URANINITE CRYSTALS WITH A NEW FORM FROM PORTLAND, CONNECTICUT 


AUSTIN F, ROGERS 
Stanford University, California 


Euhedral crystals of uraninite from one of the pegmatites at this locality are octahedra 
modified by the cube, the dodecahedron, and a new form, the tetrahexahedron {520}. The 
latter is determined on a matrix specimen by measurement on the microscope stage of the 
plane angle formed on the (520) face by its intersections with (111) and (111), which may 
be expressed as the interzonal angle [253] \[253]. 

The uraninite crystals occur on a matrix of feldspar which proves, on optical examina- 
tion, to be albite with the approximate composition Abg;sAn;. The albite is a replacement 
of microcline, which is present in very small amounts as a relict mineral. 

Besides the usual cleavages parallel to {001} and {010}, the albite shows fair cleavage 
parallel to {110}, and both albite and pericline twin-lamellae, as well as pericline parting. 


URANINITE AND PITCHBLENDE 


AUSTIN F, ROGERS 
Stanford University, California 


It is proposed to use the name uraninite for the crystalline (isometric), essentially 
uranium dioxide (UO2) mineral, with specific gravity varying from about 8.0 up to about 
10.5 and low water content, and the name pitchblende for its massive or colloform amor- 
phous equivalent (mineraloid) with a specific gravity varying from about 6.8 up to about 
8.5 and a water content varying from about 2 per cent up to 5 per cent. 


PRELIMINARY DATA ON IRON-BEARING MELILITES IN THE QUATERNARY SYSTEM 
Ca—FeO—MgO—Si0O, 
J. F. SCHAIRER AND E. F. OSBORN 
Geophysical Laboratory, Washington, D. C. 


A few compositions have been studied in a small portion of the join CaSiO;-MgO— 
FeO in the quaternary system CaO—FeO—MgO—SiO» Compositions between akerman- 
ite (Ca,MgSi.O7) and its iron analogue (Ca,FeSi,O;) and between monticellite (CaMgSiQ,) 
and its iron analogue (CaFeSiO,) lie in this join. The phase relations for the join have been 
roughly outlined and the optical properties of the melilites have been determined. There 
is a continuous series of melilites between akermanite (optically uniaxial and positive) and 
its iron analogue (optically uniaxial and negative). The intermediate member containing 
approximately 72 weight per cent of akermanite is isotropic for sodium light. 
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HYDROTHERMAL ALTERATION IN THE ‘‘PORPHYRY COPPER” DEPOSITS* 
GEORGE M. SCHWARTZ 
University of Minnesota, Minneapolis, Minnesota 


The hydrothermal alteration which was accompanied by the introduction of copper 
sulfides in the disseminated copper deposits is considerably more complex than is generally 
recognized. 

Detailed microscopic study of selected porphyry specimens from the important produc- 
ing deposits in the United States, together with a review of published data, leads to the 
recognition of four main types of alteration which may be characterized as follows: 

1. Quartz-orthoclase.—Alteration to and/or introduction of quartz and orthoclase with a 
fairly favorable ratio of chalcopyrite to pyrite. Ajo, Ely, Bagdad, Utah Copper (in 
part). 

2. Quartz-sericite-pyrite. Inspiration-Miami, Ray, Sacramento Hill, Castle Dome (in 
part), Utah Copper (in part). 

3. Sericitic and argillic alteration with quartz subordinate. Morenci, Chino, Castle Dome 
(in part), San Manuel. 

4. Biotitic alteration. Utah Copper (in part) and Ely (in part). 

No district is a simple example of one kind of alteration but shows a dominance of one or 

two of the above types. Most districts show a rather long list of alteration products when 

studied in detail. 

The argillic alteration has been little emphasized in earlier work but is now found to be 
very important in several districts of which Morenci is an outstanding example. The clay 
minerals are found in the sulfide ore and are characteristically earlier than sericite. 

The more important clay minerals include: hydromuscovite, kaolinite, allophane, 
halloysite and beidellite. Less common are: potash clay, montmorillonite, and dickite. 

Available chemical data indicate that calcium and sodium are usually removed from the 
rock to a significant degree, and potassium remains constant or increases. Silica is gained 
in a few deposits but usually shows minor changes. Quartz, no doubt, is often formed by 
the freeing of silica during alteration. 


* Published by permission of the Director, Geological Survey, United States Depart- 
ment of the Interior, Washington, D. C. 
PUMICE FROM HAYLMORE, BRIDGE RIVER, BRITISH COLUMBIA 
LOUISE STEVENS STEVENSON 
Victoria, British Columbia 
Pumice of Recent age from Haylmore’s placer mine, Bridge River district, British 
Columbia, is highy vesicular and also shows pronounced fluidal structure. The pumice is 
vitrophyric; the volcanic glass of the groundmass has a refractive index of 1.497. The 
principal phenocrysts are plagioclase feldspars (Abzo Anjo) characterized by an abun- 
dance of glass inclusions. Glistening black hornblende phenocrysts are also found. A 
chemica! analysis of the pumice and results of x-ray studies are given. 
GEOLOGY OF THE RED ROSE TUNGSTEN MINE 
HAZELTON, BRITISH COLUMBIA* 
JOHN S. STEVENSON 
British Columbia, Department of Mines 
The Red Rose mine was British Columbia’s largest producer of tungsten during World 
War II. 
Scheelite occurs in a shear-zone that cuts Mesozoic Coast Range intrusives and horn- 
felsed tuffs within 750 feet of the Rocher Déboulé batholith. 


* Published with the permission of the Chief Mining Engineer, B.C. Department of 
Mines. 
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The minerals include scheelite, some ferberite and, in order of abundance: quartz, ortho- 
clase, albite, apatite, biotite, hornblende, chalcopyrite and molybdenite. Cobaltian arseno- 
pyrite, pyrrhotite, chalcopyrite, quartz and tourmaline occur in the shear beyond the 
scheelite. 

Spectrographic analyses of 30 specimens of wal] and nearby rocks and of specimens of 
vein and rock minerals showed variations of the trace elements in groups in which the 
range in atomic radii was within the 15 per cent limit allowed by Goldschmidt in his rule 
for isomorphism of elements. Tungsten was absent in all the rock analyses; apparently 
it did not wander as a trace element into the wall rocks. 

The scheelite ore occurs in 2 shoots where the shear cuts a 400-foot diorite sii! but is not 
found where the shear cuts hornfelsed tuffs. The stress diagram of the vein-shear and re- 
lated breaks shows that the 2 ore-shoots pitch in the same direction as the pitch of the 
intersection of potential tension openings within the vein. 

The lenticular form, coarse to pegmatitic texture, and mineralogy of the tungsten vein 
imply formation at high pressure and temperature (the hypothermal class of veins). As a 
producing property, the Red Rose is unique in a class of scheelite deposits that does not 
ordinarily include commercial deposits of tungsten. 


QUARTZ CRYSTALS WITH CLAY AND FLUID INCLUSIONS 
STEPHEN TABER 
University of South Carolina, Columbia, South Carolina 


At several places in a narrow belt extending through Iredell, Alexander, Catawba, and 
Burke counties, North Carolina, quartz crystals with fluid and red-clay inclusions have 
been found. The rare and complex forms shown by the quartz, the inclusions of red clay, 
the large volume of water present in some cavities, and the presence of associated carbonate 
minerals, all indicate an origin not far from the surface under conditions of relatively low 
temperature and pressure. 

Since the crystals with fluid-filled cavities are destroyed by freezing and since they 
are found close to the surface in areas that have suffered practically no erosion since the 
Pleistocene, it is concluded that soil in the upper Piedmont of North Carolina was not sub- 
jected to deep freezing during the glacial stages. 


FROHBERGITE, FeTe:., A NEW MEMBER OF THE MARCASITE GROUP 
R. M. THOMPSON 
University of Toronto, Toronto, Ontario 


This new mineral was found associated with altaite, tellurbismuth, montbrayite, melon- 
ite, petzite, chalcopyrite, pyrite, marcasite, sphalerite, chalcocite, covellite, and free gold, 
in polished sections of the rich telluride ore from the Robb-Montbray Mine, Montbray 
Township, Abitibi County, Quebec. It appears in fringes surrounding chalcopyrite, also as 
inclusions in gold, petzite, or chalcopyrite. Color purplish pink, against the yellowish pink 
of melonite; reflection pleochrosim not perceptible; anisotropism strong with polarization 
colors orange-red to inky blue; hardness C; negative to standard etch-reagents except 
HNO; (1:1) which etches black with strong effervescence. Micro-samples show only Fe 
and Te by chemical tests; and x-ray powder photographs give a pattern identical to that of 
FeTe:, the only known compound in the Fe-Te system, which was prepared for comparison 
by pyrosynthesis. Natural and artificial FeTez give an orthorhombic unit cell with space- 
group Pmnn, a=3.85, b=5.28, c=6.26, Z=2, and observed intensities in good agreement 
with the marcasite-type of structure determined on FeTe, by Tengnér (1938). Named after 
Dr. M. H. Frohberg, mining geologist, Toronto. 
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PRE-FOUNTAIN WEATHERING ON FLAGSTAFF MOUNTAIN NEAR BOULDER, COLORADO 
ERNEST E. WAHLSTROM 
University of Colorado, Boulder, Colorado 


On the slopes of Flagstaff Mountain near Boulder, Colorado, the Fountain formation, 
a conglomeratic arkose of Pennsylvanian probably post Des Moines age, rests unconform- 
ably on pre-Cambrian Boulder Creek gneissoid granite. A weathered zone approximately 
90 feet in thickness and having many of the characteristics of a laterite lies beneath the un- 
conformity and was formed prior to the deposition of the Fountain formation. A deep 
red, iron-rich rock at the top of the zone grades at depth into a mottled, light gray to pink- 
ish gray, friable rock. This rock in turn, grades into fresh granite or, locally, into a brown- 
stained rock which has acquired its color as a result of recent weathering. The recent 
weathering has not affected the thoroughly decomposed rocks in the pre-Fountain wea- 
thered zone. 

Chemical and mineralogical analyses of twelve samples of fresh and altered granite are 
presented in tabular and graphical form to show changes resulting from pre-Fountain and 
recent weathering. 


ON THE GEOCHEMISTRY OF FLUORINE 
B. WASSERSTEIN 
Massachusetts Institute of Technology, Cambridge, Massachusetts 


A semi-quantitative spectrographic method circumvents the chemical difficulty of ob- 
taining much needed data on the distribution of fluorine in rocks. A systematic examina- 
tion of South African rock-types has been undertaken to trace the sources of fluorine in 
underground waters, and so help those studying the incidence of endemic dental fluorosis, 
a disease attacking man and beast. About 250 spectrographic determinations have been 
made. 

Fluorine appears to be a good indicator element for some petrological problems. As 
expected, marginal granites show high fluorine content (0.1 to 0.3%), whereas the centers of 
well eroded batholiths give low figures (0.05% and less). Bushveld felsites (+0.04%) con- 
tain less than their associated granites (0.1%). Investigation of sediments and soils has 
also increased our knowledge of the geochemical cycle of the element. 

The conclusion is reached that fluorine is more common than is recognized and that the 
abundance figure accepted by present day authorities for the lithosphere, viz. 0.03%, 
should be doubled—and possibly trebled. This work has not yet been completed. 


DISPERSION-BIREFRINGENCE RATIO AS A DIAGNOSTIC 
A. N. WINCHELL AND W. B. MEEK 
American Cyanimid Company, Stamford, Connecticut 


The ratio between the dispersion of the birefringence (B r— Bc) and the birefringence 
(B,) is an optical property which is almost unknown; but it may be useful in certain cases. 
For example, a three (or four) component system may have physical properties such that 
“contour” lines for the commonly used physical characters, such as specific gravity, refrin- 
gence, and birefringence, are all nearly parallel, but the lines of the dispersion-birefringence 
ratio seem to be far from parallel with the other lines in some cases. A few examples are 
ees LUDLAMITE FROM NORTH GROTON, NEW HAMPSHIRE 

Cc. W. WOLFE 
Boston University, Boston, Massachusetts 


Ludlamite, hydrous iron phosphate, has been found as crystals in small veins in triphyl- 
lite at the Palermo Mine, North Groton, New Hampshire. Habit: platey {001}. Forms: 
c{001}, a{100}, m{110}, 1{011}, q{Ti1}. 
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X-ray data: Powder pictures of the Palermo material are identical with those of the 
type Cornwall material and of the Hagendorf, Bavaria lehnerite. Rotation and Weissen- 
berg pictures about [010] and [001] give: Space group P 22/a; a910.48 +0.06, bo 4.63 £0.05, 
Co 9.16+0.06, 8=100°36’; ag:bo:co=2.26:1:1.98. Analysis by Flight on type ludlamite 
gives irrational cell contents. From cell volume and G.=3.08 measured on one crystal 
Mo=815.6. If cell contents were Feg(POx)4:6H20, a molecular weight of 817.1 would be 
obtained, and this composition is tentatively assigned the mineral. An analysis of the 
Palermo ludlamite is forthcoming. 

Opt.: Biaxial positive; 2V 80°; a 1.650, 8 1.667, y 1.688. r>0 slight. 

Occurrence: Transparent green crystals of ludlamite line narrow veinlets in triphyllite. 
Later minerals deposited in the cavities are, in order of deposition; fairfieldite in sheaf-like 
aggregates; vivianite in crystals coated with unknown white fibrous mineral; reddingite 
in orange brown crystals; stewartite (?) in platey orange brown crystals; and a biaxial 
white fibrous mineral with 2V about 80°, with positive optic sign, and with high birefrin- 
gence, the indices ranging between 1.615 and 1.71. Only one specimen of the ludlamite has 
been found to date from Palermo, although another specimen from the Smith Quarry in 
Alexandria, New Hampshire, has been definitely established. 


SPATIAL ORIENTATION OF URANIUM IN SAMARSKITE 
HERMAN YAGODA 
National Institute of Health, Bethesda, Maryland 


Alpha ray patterns of polished samarskite sections prepared from crystals occurring 
in the Wiseman’s mica mine, Mitchell Co., N. C. reveal marked variations of uranium 
content in symmetric growth zones which outline crystal faces. The polished sections ap- 
pear to be optically homogeneous and show no evidence of foreign radioactive inclusions or 
internal alteration. Measurement of the photographic density of the alpha ray patterns 
show variations of about 25 per cent between zones of maximum and minimum blackening. 
Chemical analysis of the massive material reveals the presence of 0.8 per cent ThO2 and 
11.3 per cent U;O3. Assuming a homogeneous distribution of the minor amount of thorium, 
the variation in photographic density indicates variations in the uranium content of ex- 
treme zonal layers ranging between 10 to 13 per cent U3Ox. Potential mechanisms for these 
unusual compositional variations are discussed. 


PROCEEDINGS OF THE TWENTY-SEVENTH ANNUAL MEETING | 213 


LIST OF FORMER OFFICERS AND MEETING PLACES 


By recommendation of the Council, a complete list of past officers is printed in the 
proceedings of the annual meeting of the Society: 


PRESIDENTS 


1920 Edward H. Kraus 
1921 Charles Palache 

1922 Thomas L. Walker 
1923 Edgar T. Wherry 
1924 Henry S. Washington 
1925 Arthur S. Eakle 

1926 Waldemar T. Schaller 
1927 Austin F. Rogers 
1928 Esper S. Larsen 

1929 Arthur L. Parsons 
1930 Herbert E. Merwin 
1931 Alexander H. Phillips 
1932 Alexander N. Winchell 
1933 Herbert P. Whitlock 
1934 John E. Wolff 

1935 Clarence S. Ross 
1936 William S. Bayley 
1937 Norman L. Bowen 
1938 Elis Thomson 

1939 Max N. Short 

1940 William F. Foshag 
1941 Frederick E. Wright 
1942 Arthur F. Buddington 
1943 John F. Schairer 

1944 R. C. Emmons 

1945 Kenneth K. Landes 
1946 Paul F. Kerr 


SECRETARIES 


1920-1922 Herbert P. Whitlock 
1923-1933 Frank R. Van Horn 
1933-1934 Albert B. Peck 
1934-1944 Paul F. Kerr 

1944— C. S. Hurlbut, Jr. 


VICE-PRESIDENTS 


Thomas L. Walker 
Waldemar T. Schaller 
Frederick A. Canfield 
George F. Kunz 
Washington A. Roebling 
Herbert P. Whitlock 
George Vaux, Jr. 
George L. English 
Lazard Cahn 

Edward Wigglesworth 
John E. Wolff 
William F. Foshag 
Joseph L. Gillson 
Frank N. Guild 
William A. Tarr 

Ellis Thomson 

Harold L. Alling 

H. V. Ellsworth 
Kenneth K. Landes 
Burnham S. Colburn 
Ian Campbell 
William J. McCaughey 
Martin J. Buerger 
John W. Gruner 
Harry Berman 
George Tunell 

S. B. Hendricks 


TREASURERS 


1920-1923 Albert B. Peck 
1924-1929 Alexander H. Phillips 
1929-1930 Albert B. Peck 
1931-1940 Waldemar T. Schaller 
1941- Ear] Ingerson 


EDITORS 


1920-1921 Edgar T. Wherry 


1922- 


Walter F. Hunt 


214 


1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 


1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 


C. S. HURLBUT, JR. 


COUNCILORS 


Arthur S. Eakle, Frank R. Van Horn, Fred E. Wright, Alexander H. Phillips. 
Frank R. Van Horn, Fred E. Wright, Alexander H. Phillips, Austin F. Rogers. 
Fred S. Wright, Alexander H. Phillips, Austin F. Rogers, Thomas L. Watson. 
Alexander H. Phillips, Austin F. Rogers, Thomas L. Watson, Esper S. Larsen. 
Austin F. Rogers, Thomas L. Watson, Esper S. Larsen, Arthur L. Parsons. 
Thomas L. Watson, Esper S. Larsen, Arthur L. Parsons, William F. Foshag. 
Esper S. Larsen, Arthur L. Parsons, William F. Foshag, William A. Tarr. 
Arthur L. Parsons, William F. Foshag, William A. Tarr, Alexander N. Winchell. 
William F. Foshag, William A. Tarr, Alexander N. Winchell, Ellis Thomson. 
William A. Tarr, Alexander N. Winchell, Ellis Thomson, Clarence S. Ross. 
Alexander N. Winchell, Ellis Thomson, Clarence S. Ross, Paul F. Kerr. 

Ellis Thomson, Clarence S. Ross, Paul F. Kerry William S. Bayley. 

Clarence S. Ross, Paul F. Kerr, William S. Bayley, William J. McCaughey. 
Paul F. Kerr, William S. Bayley, William J. McCaughey, Kenneth K. Landes. 
William S. Bayley, William J. McCaughey, Kenneth K. Landes, E. P. Henderson. 
William J. McCaughey, Kenneth K. Landes, E. P. Henderson, J. F. Schairer. 
Kenneth P. Landes, E. P. Henderson, J. F. Schairer, Arthur F. Buddington. 
E. P. Henderson, J. F. Schairer, Arthur F. Buddington, Arthur P. Honess. 

J. F. Schairer, Arthur F. Buddington, Arthur P. Honess, R. C. Emmons. 
Arthur F. Buddington, Arthur P. Honess, R. C. Emmons, Carl Tolman. 
Arthur P. Honess, R. C. Emmons, Carl Tolman, D. Jerome Fisher. 

R. C. Emmons, Carl Tolman, D. Jerome Fisher, Martin A. Peacock. 

Carl Tolman, D. Jerome Fisher, Martin A. Peacock, Adolf Pabst. 

D. Jerome Fisher, Martin A. Peacock, Adolf Pabst, C. S. Hurlbut, Jr. 

Martin A. Peacock, Adolf Pabst, Michael Fleischer, S. J. Shand. 

Adolf Pabst, Michael Fleischer, S. J. Shand, R. F. Grim 

Michael Fleischer, S. J. Shand, R. E. Grim, Joseph Murdoch. 


ANNUAL MEETING PLACES 


Chicago, Llinois 1934 Rochester, New York 
Amherst, Massachusetts 1935 New York, N. Y. 

Ann Arbor, Michigan 1936 Cincinnati, Ohio 
Washington, D. C. 1937 Washington, D. C. 
Ithaca, New York 1938 New York, N. Y. 

New Haven, Connecticut 1939 Minneapolis, Minnesota 
Madison, Wisconsin 1940 Austin, Texas 
Cleveland, Ohio 1941 Boston, Massachusetts 
New York, N. Y. 1942 No meeting held 
Washington, D. C. 1943 No meeting held 
Tonroto, Canada 1944 No meeting held 

Tulsa, Oklahoma 1945 Pittsburgh, Pennsylvania 
Cambridge, Massachusetts 1946 Chicago, Illinois 


Chicago, Illinois 
RECIPIENTS OF THE ROEBLING MEDAL 


Charles Palache, December 1937 
Waldemar T. Schaller, December 1938 
Leonard James Spencer, December 1940 
Esper S, Larsen, Jr., December 1941 
Edward H. Kraus, February 1945 
Clarence S. Ross, December 1946 


CORRESPONDENTS, FELLOWS, MEMBERS AND 
SUBSCRIBERS OF THE MINERALOGICAL 
SOCIETY OF AMERICAT 


CORRESPONDENTS 


Esxora, Pentti, Geological Institute of the University, Snellmaninkatu 5, Helsinki, 
Finland. 

Lacroix, A., Museum d’Histoire Naturelle, Rue de Buffon, 61, Paris V, France. 

Nicci, Paut, Technische Hochschule, Min. Petro. Inst., Lonneggstrasse 5, Zurich, 
Switzerland. 

SLAVIK, FRANTISEK, Albertov 6, Praha, Czechoslovakia. 

SPENCER, L. J., 111 Albert Bridge Road, London, S.W. 11, England. 

TILLEy, C. E., Cambridge University, Cambridge, England. 


FELLOWS AND MEMBERS 
(*Indicates Fellow) 


ABERNATHY, JESS, Topaz Gem Company, 33 W. Broadway, Salt Lake City 1, Utah. 
*Apams, ELxiot Q., Lamp Development Laboratory, Nela Park, Cleveland, Ohio. 
ApaAMs, JOHN WaGstaFF, P.O. Box 232, Ouray, Colorado. 
*AGAR, WILLIAM M., 182 East End Avenue, New York 28, N. Y. 
AGHION, HENRI, 26, Rue Chérif Pacha, Alexandrie, Le.-Egypte. 
AGRELL, S. O., Dept of Geology, University of Manchester, Manchester 13, England. 
*AHLFELD, FEDERICO, Escuela Nacional de Minas, Jujuy (Republica Argentina). 
ALBRECHT, HERBERT O., 62 S. Hillcrest Road, Springfield, Pa. 
*ALpRIcH, HENRY R., 419 West 117th Street, New York 27, N. Y. 
ALEXANDER, C. K., Box 961, Phillips, Texas. 
ALEXANDER, A. E., 155 East 47th Street, New York, N. Y. 
Ar, RaymMonp M., Webb School, Claremont, California. 
ALLEN, ALFRED W., Dept of Ceramic Engineering, University of Illinois, Urbana, 
Illinois. 
ALLEN, C. M., Bay House, Pembroke, Bermuda. 
*ALLEN, Victor T., Institute of Geophysical Technology, 3621 Olive Street, St. Louis 8, 
Missouri. 
ALLEN, WILLIAM T., 241 E. New Street, Lancaster, Pa. 
*ALLING, HAROLD L., 901 East Avenue, Rochester 7, N. Y. 
*AMINOFF, GREGORI, Riksmuseet, Stockholm, Sweden. 
*ANDERSON, ALFRED LEONARD, Department of Geology, Cornell University, Ithaca, N. Y. 
*ANDERSON, CHARLES A., Box 633, Prescott, Arizona. 
*ANDERSON, GEORGE H., Lone Star Stee! Co., 603 Southland Life Bidg., Dallas 1, Texas. 
ANDERSON, J. L., Department of Geology, Johns Hopkins University, Baltimore 18, 
Maryland. 
ANDERSON, RICHARD J., Box 199, Hillsboro, Oregon. 
ANDREATTA, Crr0, Istituto di Mineralogia e Petrograffia, Universita di Bologna, Via 
Zamboni 94, Bologna, Italia. 
ANDREW, GERALD, Box 410, Geological Survey, Khartum, Anglo-Egyptian Sudan. 
AnpreEws, T. G., Geology Dept., University of Alabama, University, Alabama. 
ANTHONY, JOHN W., 2615 East Adams Street, Tucson, Arizona. 
ARELLANO, A. R. V., SR., Apartado 7527, Mexico, D. F., Mexico. 


+ Changes received by the Secretary since January 20, 1947, are not included. 
215 


216 FELLOWS, MEMBERS, SUBSCRIBERS 


ARMISTEAD, DONALD A., 77 Steel Street, Auburn, New York. 
ARMSTRONG, ELIZABETH J., 425 West 23d Street, New York 11, N. Y. 
Arp, Henry, Box 837, Cheyenne, Wyoming. 

Arscuinow, W. W., Bol. Ordinka, 32, Kw. 1, Moscow, U.S.S.R. 

*AsSHCROFT, FREDERICK N., 38 Melbury Court, Kensington, London, W. 8, England. 
Austin, J. A., c/o Atlas Lumnite Cement Co., Gary (Buffington Sta.), Indiana. 
AXELROD, JOSEPH, U. S. Geological Survey, Washington 25, D. C. 

Aycarpo, MAN M., Jr., North Camarines Gold Mining Company, Paracale, Camarines 
Norte, Philippine Islands. 
Ayres, VINCENT L., Michigan College of Mines and Technology, Houghton, Michigan. 


BacrowskI, B. P., 1722 South 22d Street, Milwaukee 4, Wisconsin. 
Baur, Brrr, 550 Cedar Street, Winnetka, Illinois. 
BaILtEy, Donatp, Saranac Laboratory, Saranac Lake, N. Y. 
Bartey, Epcar H., c/o U. S. Geological Survey, Box 208, Los Gatos, California. 
Barrp, Ian F., P.O. Box 382, Hamilton, New Zealand. 
*Barin, GEORGE W., 12 Dana Street, Amherst, Massachusetts. 
Bates, C. E., Ironton Firebrick Company, Ironton, Ohio. 
BALkeE, CratrE C., 2472 Estes Avenue, Chicago 45, Illinois. 
*BanpDy, Mark C., Redfield, Iowa. 
Bank, A. C., Holden, Washington. 
Bank, WALTER, U. S. Bureau of Mines, 4800 Forbes Street, Pittsburgh 13, Pa. 
Banks, C. L., 1213 W. Belvedere Avenue, Baltimore 9, Maryland. 
*BANNERMAN, Harorp M., U.S. Geological Survey, Washington 25, D. C. 
*BANNISTER, F. A., 34 Monahan Avenue, Purley, Surrey, England. 
Barcray, GEORGE C., P.O. Box 314, Newport News, Virginia. 
Barkow, ArTHUR G., Physics Dept., Marquette University, Milwaukee 3, Wisconsin. 
BARKSDALE, JULIAN D., Dept. of Geology, University of Washington, Seattle 5, Wash- 
ington. 
BaRLETT, HELEN Brarr, A-C Spark Plug Company, Flint 2, Michigan. 
*BARNES, VIRGIN E., 207 East 33d Street, Austin 21, Texas. 
BARRETT, RICHARD L., Mesilla Park, New Mexico. 
*BartTH, Tom. F. W., Mineralogisk Institut, Blindern, Oslo, Norway. 
*BATEMAN, ALAN M., Dept. of Geology, Yale University, New Haven, Connecticut. 
Bates, THomas F., Dept of Earth Sciences, Pennsylvania State College, State College, Pa. 
*BAUER, LAwson H., New Jersey Zinc Company, Franklin, N. J. 
BAzHENOV, I. K., Kievskaia ul., 46, kv. 4, Tomsk, SSSR. 
Beat, J. A., Route 2, Box 615, Campbell, California. 
BrEarD, E. H., The Imperial Institute, London, S.W. 7, England. 
Beauvais, WM. E., 770-2 Scott Street, Fort Leavenworth, Kansas. 
Breck, Cart W., Dept. of Geology, University of New Mexico, Albuquerque, New 
Mexico. 
BECKTEL, W. J., 756 W. 108th Street, Los Angeles 44, California. 
*BEHRE, CHARLES H., JR., Dept. of Geology, Columbia University, New York 27, N. Y. 
BELL, D. H., 2931 Ridgeway Avenue, St. Louis Co., Missouri. 
*BELL, GORDON L., 44 West 21st South, Salt Lake City 5, Utah. 
*BELL, JAMES ForBEs, 1510 Public Service Bldg., Portland 4, Oregon. 
BERKELHAMER, Louis H., Ohmite Manufacturing Company, 4835 Flournoy Street, 
Chicago 44, Illinois. 
BERMAN, JOSEPH, 190 South Bryant Street, Denver, Colorado. 


FELLOWS, MEMBERS, SUBSCRIBERS 217 


BERNER, LEO D., Box 34, Glendora, California. 
BERNHEIMER, ALAN W., Dept. of Bacteriology, N.Y.U. College of Medicine, 477-1st 
Ave., New York, N. Y. 
*BERRY, LEONARD G., Queen’s University, Kingston, Ontario, Canada. 

BETEKHTIN, Pror., Chkalovsk. ul. 21 kv. 38, Moskva 64, SSSR. 

BETZ, FREDERICK, JR., Department of Geology, Lehigh University, Bethlehem, Pa. 
*BILLINGS, MARLAND P., Harvard University, Cambridge, Massachusetts. 

Bincuay, E. Burris, 9363 West 76th Street, Los Angeles 44, Calif. 

BrrEN, Mrs. H. A., Brooklyn College, Beford Ave. & Ave. H., Brooklyn, New York. 

ByAREBy, GuNNAR, 147 Worthington Street, Boston 15, Massachusetts. 

Biank, Horace R., Dept of Geology & Mineralogy, Southwestern University, George- 

town, Texas. 

BLONDEL, FERNAND A., 12 Rue de Bourgogne, Paris VII, France. 

BocuE, RicHarp G., Gilman, Colorado. 

Boxyj, G. B., Mal Bronnaja ul. 130, kv. 30, Moskva-104, SSSR. 

BorGEs, ANTONIO Fares, Caixa Postal No. 4335, Sao Paulo, Brazil. 

*BowEN, Norman L., University of Chicago, Chicago, Illinois. 
*BOWLES, OLIVER, 5000 Massachusetts Ave., N.W., Washington 16, D.C. 
BRADLEY, J. W., 4300 Budlong Avenue, Los Angeles 37, California. 
*BRADLEY, WILLIAM F., Illinois State Geological Survey, Urbana, Illinois. 
*BRAMLETTE, Mitton N., Department of Geology, University of California, Los Angeles 
24, California. 

Brant, ArtHUR M., Lord Hall, Ohio State University, Columbus, Ohio. 

BRrECKE, Ervin A., Rosiclare, Illinois. 

BRINEMAN, JOHN H., Socony-Vacuum Oil Company de Venezuela, Apartado Nacional 

1140, Bogota, Colombia, South America. 

Britton, Marvin G., 201 Chemung Street, Painted Post, New York. 

Brown, Artuur H., R.F.D. Mission Road, Jessups, Maryland. 
*Brown, JOHN S., c/o St. Joseph Lead Company, Balmat, New York. 

Brown, W. R., Dept. of Geology, University of Kentucky, Lexington 29, Kentucky. 
*Bruce, E. L., Department of Mineralogy, Queen’s University, Kingston, Ontario, 

Canada. 

Brunk, C. C., 28093 West 42d Street, Los Angeles 43, California. 

Bryant, W. M. D., R.D. 3, Silverside Road, Wilmington, Delaware. 

BUBERNAK, JOSEPH, 1220 Mine Street, Old Forge, Pennsylvania. 

BUCKELEW, Harorp C., 1048 Broad Street, Newark, N. J. 

Buckiey, Harorp E., 100 Hazelhurst Road, Worsley, Manchester, England. 
*BUDDINGTON, ARTHUR F., Department of Geology, Princeton University, Princeton, N. J. 
*BUERGER, MartTIN J., Massachusetts Institute of Technology, Cambridge 39, Massa- 

chusetts. 
*BUERGER, NEWTON W., Lt. Comdr., Dept. of Metallurgy, U.S. Naval Academy, Annapo- 
lis, Maryland. 

Bure, BENNETT FRANK, Dept. of Geology, University of South Carolina, Columbia, 

South Carolina. 
*BULLARD, FRED M., 903 West 30th Street, Austin, Texas. 

Bunton, Paut B., 2900 Connecticut Avenue, N.W., Washington 8, D. C. 
*BURBANK, WILBUR S., U. S. Geological Survey, Washington 25, D. C. 

Burroot, JAMES DABNEY, JR., Department of Geology, Cornell University, Ithaca, N. Y. 
Burnuay, G. E., 1283 S. Encinitas Avenue, Monrovia, California. 
*BuTLeR, G. MONTAGUE, Box 4186, University Station, Tucson, Arizona. 


218 FELLOWS, MEMBERS, SUBSCRIBERS 


BUTLER, JOHN W., JR., c/o Phillips Venezuelan Oil Company, Apartado 1031, Caracas, 
Venezuela. 

*BuTLER, BoBert D., Pigmentos Minerais, Industrial e Comercial, S/A, Caixa postal 4, 
Salvador, Bahia, Brazil. 

*BUTTGENBACH, HENRY J., 182 Avenue F. D. Roosevelt, Bruxelles, Belgium. 

Byron, J. E., 1240 Pear] Street, Boulder, Colorado. 


CALLAHAN, Wiii1AM H., Franklin, New Jersey. 
CaLvER, JAMES L., c/o TVA, 501 Arnstein Blde., Knoxville, Tennessee. 
CaLvERrT, Eart L., 1528 Ardendale Avenue, San Gabriel, California. 
*CAMERON, EUGENE N., U. S. Geological Survey, Washington 25, D. C. 
*CAMPBELL, CHARLES D., Harvey Road, Pullman, Washington. 
*CaMPBELL, IAN, California Institute of Technology, Pasadena 4, California. 
*CaNNON, Ra.pu S., JRr., U. S. Geological Survey, Washington 25, D. C. 
Capps, EpNA WarD, 1823 Jefferson Place, N.W., Washington, D. C. 
CaRGILLE, R. P., 118 Liberty Street, New York 6, New York. 
Cart, Howarp F., 1615 Noyes Drive, Silver Springs, Maryland. 
*CaROBBI, GuIDO, Istituto de Mineralogia della Universita, Piassa S. Mareo L., Florence, 
Italy. 
Cuao, CutA-HsIAnc, c/o Dr. J. Bridge, U. S. Geological Survey, Rm. 5205, F.W.A. 
Bldg., Washington 25, D. C. 
*CHAPMAN, CARLETON A., Department of Geology, University of Illinois, Urbana, Illinois. 
CHAPMAN, ERNEST W., 1934 Mill Road, South Pasadena, California. 
*CHAPMAN, RANDOLPH, Department of Geology, Johns Hopkins University, Baltimore 18, 
Maryland. 
CHAYES, FELIX, Metallurgy Department, Room 8-240, Massachusetts Institute of Tech- 
nology, 77 Massachusetts Avenue, Boston, Mass. 
CLARINGBULL, G. F., Department of Mineralogy, British Museum (Natural History), 
Cromwell Road, London, S.W. 7, England. 
CHESLEY, FRANK G., Central Research Laboratories, Inc., Red Wing, Minnesota. 
CuHESLEY, RicHarD B., 50 Pratt Street, Reading, Massachusetts. 
CHESTERMAN, CHARLES W., 363 Judson Avenue, San Francisco 12, California. 
Curips, Ropert L., 78 Gorton Street, Corning, New York. 
CHOQUETTE, ARTHUR, 1877 Jeanne D’Arc Street, Maisonneuve, Montreal, P.Q., Canada. 
CuutE, NEwton E., Dept. of Geology, University of Missouri, Columbia, Missouri. 
Crarrey, Mrs. EstHer W., Noyes Chemical Laboratory, University of Illinois, Urbana, 
Illinois. 
CiarK, JACK W., Box 298, Saratoga Springs, New York. 
*Coats, Rosert, Alaskan Branch, Geological Survey, Washington 25, D. C. 
*COLBURN, BURNHAM S., Greystone Court, Biltmore, North Carolina. 
*COLBURN, WILLIAM B., 453 Santa Rosa Drive, Palm Springs, California. 
Coie, G. THuRSTON, Rumford Point, Maine. 
*CONNOLLY, JOSEPH P., 1804 W. Boulevard, Rapid City, South Dakota. 
Coox, Mrs. Katuryn H., 493 South Firestore Blvd., Akron, Ohio. 
*CooKE, S. R. B., Minnesota School of Mines, Minneapolis 14, Minnesota. 
Coo.ey, Mary E., 703 South Forest Avenue, Ann Arbor, Michigan. 
*Cooper, JOHN R., U. S. Geological Survey, Washington 25, D. C. 
*CoRBETT, CLIFTON S., 1102 Talon Avenue, Calgary, Alta., Canada. 
CRAMER, JOE L., 937 South Ash Street, Wichita 9, Kansas. 
CRAWFORD, ARTHUR L., 1067 East Fifth Street S., Salt Lake City, Utah. 


FELLOWS, MEMBERS, SUBSCRIBERS 219 


*CRAWFORD, R. D., 1050 Tenth Street, Boulder, Colorado. 
Creitz, Eris E., Drawer L., University, Alabama. 
Crisps, RicHarp E., Forest City, Iowa. 
CRIPPEN, Ricnarp A., JRr., Division of Mines, Ferry Building, San Francisco, California. 
CropPER, WALLACE J., 4410 Cayuga Avenue, New York 63, New York. 
CRUNDEN, A. B., 54 Edgemont Road, Montclair, New Jersey. 
CuERvo, Dra-America ANA, Laboratorio No. 1 de Mineralogia, Escuela de Ciencias, 
Universidad de la Habana, Cuba. 
Cummins, A. B., Cedar Crest Road, Bound Brook, New Jersey. 
*CURRIER, Louts W., U. S. Geological Survey, Washington 25, D. C. 
CuTHBERT, F. Leicester, Baroid Sales Division, National Lead Co., 830 Docummun 
Street, Los Angeles 12, California. 


Daccett, E. B., Box 649, Morenci, Arizona. 
Daxg, H. C., 329 S.E. 32d Avenue, Portland 15, Oregon. 
Datey, A. Cow1es, 1191 North Los Robles, Pasadena 6, California. 
DANNER, WILBERT R., 11025 38th N.E., Seattle 55, Washington. 
DarnEAt, RoBert L., Box 832, Stanford University, California. 
Davipson, CHARLES F., Geological Survey and Museum, London, S.W. 7, England. 
Davinson, Norman, 5611 Fifth Street, N.W., Washington 11, D. C. 
Davinson, STANLEY C., 152 Wembley Drive, Sudbury, Ontario, Canada. 
Davis, Donatp W., Scarsdale Manor, Apt. R-North, Scarsdale, New York. 
Davis, Harry T., Curator of Geology, North Carolina State Museum, Raleigh, N. C. 
Day, LIoNnEL, 3657 Broadway, New York 31, New York. 
Dest, B. W., Box 203, Norris, Tennessee. 
DE BRETTEVILLE, A. P., JR., Box 645, Red Bank, New Jersey. 
Derrick, RoBErT O., 7051 Broadway Terrace, Oakland, California. 
DeIct, H. J., PhM1i/c, NAAS Rodd Field, Corpus Christi, Texas. 
Demrick, Lioyp M., 1424 Grant Avenue, San Francisco 11, California. 
DENNING, REYNOLDS M., 506 Dodge Street, Houghton, Michigan. 
DENNIS, WILLIAM ENGs, JR., P.O. Box 373, Newport, R. I. 
DeEnny, M. V., Mineralogical Laboratory, University of Michigan, Ann Arbor, Michigan. 
DE REWAL, FRANK J., 276 West Fishers Avenue, Philadelphia 20, Pennsylvania. 
DeEsmonD, Tuomas C., 94 Broadway, Newburgh, New York. 
Deut, Maurice, 1333 Arapahoe Avenue, Boulder, Colorado. 
DiETERICH, J. F., 3724 Vantage Avenue, North Hollywood, California. 
Dietz, RaLpu W., P.O. Box N690, N.O.T.S. Inyokern, California. 
DopceE, NELson B., Chemical Research Laboratory, Bausch and Lomb Optical Company, 
Rochester, N. Y. 
Dietz, Ropert Srincrarr, P.O. Box 534, La Jolla, California. 
Dopcr, THEODORE A., Cananea Consolidated Copper Company, Cananea, Sonora, 
Mexico. 
Doss, Carson L., P.O. Box 541, Golden, Colorado. 
*Donnay, JOSEPH D., 810 East 35th Street, Baltimore 18, Maryland. 
Doucrass, H. M., 3036 N.E. Everett, Portland 15, Oregon. 
DrakEcER, R. H., Capt. (MC), U.S.N., Naval Medical Research Institute, Bethesda 14, 
Maryland. 
Draisin, WitBurT M., 77 Tanark Road, Brookline 46, Massachusetts. 
DREYER, ROBERT M., Dept. of Geology, University of Kansas, Lawrence, Kansas. 
DruGMAN, JULIEN, 33 Rue Edmond Picard, Uccle, Bruxelles, Belgium. 


220 FELLOWS, MEMBERS, SUBSCRIBERS 


DuersmitH, L. J., 933 Spruce Street, Columbia, Pennsylvania. 

DUFFENDACK, O. S., Irvington Research Laboratory, North American Philips Company, 
145 Palisade Street, Dobbs Ferry, New York. 

Dur in, V. J., JR., The Babcock & Wilcox Company, Bayonne, New Jersey. 

DuPont, James M., Myersville Road, Chatham, New Jersey. 

DurAN-DECANO, GUILLERMO E., Sr., de la Facultad de Farmacia, Tegucigalpa, D. C. 
Honduras, Central America. 


EaARHEART, Mrs. Roy H., 936 A Street, Missoula, Montana. 
Eason, F. B., Box 348, Wilson, North Carolina. 
Easter, M. J., Director, Research Laboratories, Carborundum Company, Niagara 
Falls, New York. 
Exsutt, FRANK, 173 Glenrose Avenue, Toronto, Ontario, Canada. 
*EcKEL, EpwIN B., Box 2858 Lakewood Branch, Denver 15, Colorado. 
*ECKERMANN, H. von, Edeby, Sparreholm, Sweden. 
Eppy, C. N., National State Bank, Boulder, Colorado. 
Epmunpson, R. S., Virginia Geological Survey, Box 1428, University Station, Charlottes- 
ville, Virginia. 
EHRMANN, Martin, 4580 Delafield Avenue, New York 63, New York. 
EISENBERG, JEROME M., 77 Victoria Street, Revere 51, Massachusetts. 
Eras, Miss HELEN V., 416 Grand Street, New York 2, New York. 
EisEEV, Pror., nab. Kutuzova 25, kv. 14, Leningrad, SSSR. 
*ELisworta, H. V., Canada Geological Survey, Ottawa, Canada. 
Ermer, Lewts, P.O. Box 1984, Boise, Idaho. 
ELWELL, WiLBurR J., 2 Duck Street, Danbury, Connecticut. 
Emery, ALDEN H., 1155 16th Street, N.W., Washington, D. C. 
*EmMons, RicHARD C., Science Hall, University of Wisconsin, Madison, Wisconsin. 
ENGEL, ALBERT E. J., Box 188, Gouverneur, New York. 
Entows, Harorp E., The University of Tulsa, Seventh and College, Tulsa 4, Oklahoma, 
Ennis, Matcoim EvGENE, 5406 Shoalwood, Austin, Texas. 
ERDMANN, CHARLES E., c/o U. S. Geological Survey, P.O. Box 1827, Great Falls, Mon- 
tana. 
EvanorF, Puri, c/o Mead Corporation, Dill & Collins Division, Richmond & Tioga 
Streets, Philadelphia, Pennsylvania. 
Evans, Howarp T., Jr., 850 Massachusetts Ave., Apt. 10, Cambridge, Massachusetts. 
EVERHART, DONALD L., c/o U. S. Geological Survey, Box 208, Los Gatos, California. 
Evers, JOHN R., 19 South Broadway, Tarrytown, New York. 


FACKLER, WILLIAM C., P.O. Box 184, College, Alaska. 
*FAESSLER, CaRL, Université Laval, Boulevard de l’Entente, Quebec, Canada. 
*FaHEY, JOSEPH J., U.S. Geological Survev, Washington 25, D. C. 
Faick, JOHN N., Hanover, New Mexico. 
*FAIRBAIRN, HaRoxp W., Department of Geology, Massachusetts Institute of Technology, 
Cambridge 39, Massachusetts. 
*FAIRCHILD, JOHN G., U. S. Geological Survey, Washington 25, D. C. 
*FANKUCHEN, I., Polytechnic Institute of Brooklyn, Brooklyn, N. Y. 
FARWELL, FRED W., 67 Highland Avenue, South Norwalk, Connecticut. 
Frpock, MicwaeEt P., 705 6th Street, N.W., Apt. 201, Canton 3, Ohio. 
*Faust, GEORGE T., 1803 Capitol View Avenue, Silver Spring, Md. 
*FENNER, CLARENCE N., 64 Broad Street, Clifton, New Jersey. 


FELLOWS, MEMBERS, SUBSCRIBERS 221 


Fercuson, R. B., Dept. of Geological Sciences, University of Toronto, Toronto 5, 
Ontario, Canada. 
*FETTKE, Cuartes R., 1118 Wightman Street, Squirrel Hill Station, Pittsburgh 17, Penn- 
sylvania. 
FIELDING, EDwarp ARMITAGE, Hopwood Heywood, Lancaster, England. 
Finray, G. R., c/o Norton Company, Chippawa, Ontario, Canada. 
*FISHER, D. JEROME, Dept. of Geology, University of Chicago, Chicago 37, Illinois. 
*FISHER, Ltoyp W., Dept. of Geology, Bates College, Lewiston, Maine. 
FIsHER, ROBERT B., 604 West 11th Street, Rolla, Missouri. 
Fisk, Henry G., University of Wyoming, Laramie, Wyoming. 
Frack, Wy.iE H., 333 Borbeck Avenue, Philadelphia 11, Pa. 
Frace, A. L., Box 2345, Phoenix, Arizona. 
FLEENER, F. L., 222 South Park Road, Joliet, Tllinois. 
FLEISCHER, ARTHUR, 417 Edgewood Street, Hartford 5, Connecticut. 
*FLEISCHER, MICHAEL, U. S. Geological Survey, Washington 25, D. C. 
Forpvari, ALADAR, Hungarian Geological Survey, Stefania-street 14, Budapest XIV, 
Hungary. 
*ForD, HucH ALEXANDER, 736 Riverside Drive, Apt. 6-C, New York 31, N. Y. 
Forman, S. A., Department of Geological Sciences, University of Toronto, Ontario, 
Canada. 
*FosHacG, WILLIAM F., U. S. National Museum, Washington, D. C. 
Foster, MarcareEt D., U. S. Geological Survey, Washington 25, D. C. 
Foster, P. A., 4730 Angeles Vista Blvd., Los Angeles 43, California. 
Foster, Purp C., R.D. 1, South Berwick, Maine. 
Foster, WILDER D., 4800 Forbes Street, Pittsburgh 13, Pa. 
Foster, WILFRID Raymond, Champion Spark Plug Company, 8525 Butler Ave., Detroit 
11, Michigan. 
Fox, PortLanp P., 7143 N. 28th Street, Billings, Montana. 
FRACAOLLI, ALDO, Caixa Postal 701, Santos, Brazil. 
*FRASER, DonaLtp McCoy, Geological Department, Bethlehem Steel Company, Bethle- 
hem, Pa. 
*FRASER, Horace J., Box C, Falconbridge, Ontario, Canada. 
FRECHETTE, V. D., N. Y. State College of Ceramics, Alfred, New York. 
FREEZE, ARTHUR C., Consolidated Mining and Smelting Company, Kimberley, British 
Columbia, Canada. 
Fretz, A. Henry, 42 West Market Street, Bethlehem, Pennsylvania. 
FRIES, Cart, Jr., U. S. Geological Survey, Washington 25, D. C. 
*FRONDEL, CLIFFORD, 12 Geological Museum, Oxford Street, Cambridge 38, Massa- 
chusetts. 
FRUEH, ALFRED J., JR., Dept. of Geology, Massachusetts Institute of Technology, Cam- 
bridge 39, Mass. 
*FULLER, RICHARD E., 1642 Federal Avenue, Seattle, Washington. 
FuRQUE, SR. GUILLERMO, Independencia 1389, Buenos Aires, Argentina. 
Fuscuini, Sr. Mario C., Pringles 1768, Villa Vercedes, F.C.P., San Luis, Argentina, S. A. 
Fura, GEorGE, 119 East 7th Street, Cheyenne, Wyoming. 


*GABRIEL, ALTOH, U. S. Bureau of Mines, College Park, Maryland. 
*Garsraitu, F. W., Dept. of Geology, University of Arizona, Tucson, Arizona. 
*GALLAGHER, Davin, U. S. Geological Survey, Washington 25, D. C. 

Ga.tont, Inc. Ernesto, Yerbal 1763, Buenos Aires, Argentina. 


222 FELLOWS, MEMBERS, SUBSCRIBERS 


Gates, Rosert M., 410 South Orchard Street, Madison, Wisconsin. 
Gaupin, A. M., Room 8-211, Massachusetts Inst. of Technology, Cambridge 39, Massa- 
chusetts. 
Gautt, H. Ricuarpb, Dept. of Geology, Lehigh University, Behelehem, Pennsylvania. 
GEORGALAS, GEORGE C., 25 Pergamou, Athens, Greece. 
GrorcE, D’Arcy R., No. 1 Alexander Hamilton Apartments, White Plains, New York. 
GrorcE, Don. MERRILL, JR., 1149 South Second Street, Alhambra, California. 
GEROSKI, CARL, 317 Porter, San Antonio 3, Texas. 
*GIANELLA, VINCENT P., Mackay School of Mines, Reno, Nevada. 
GirrorD, JAMES C., A.T.O., House, Golden, Colorado. 
GILKEY, J. E., 1625 N.W. 29th Street, Oklahoma City, Oklahoma. 
GILLEsPIE, T. B., Star Route, St. Augustine, Florida. 
GILLINGHAM, THomas E., 615 Market Street, Oxford, Pennsylvania. 

*GILLSON, JOSEPH L., 8058 DuPont Building, Wilmington, Delaware. 

*GILLULY, JAMES, Department of Geology, University of California, Los Angeles 24, Cali- 

fornia. 

*Giass, JEWELL J., U. S. Geological Survey, Washington 25, D. C. 

*GoDDARD, Epwin N., U. S. Geological Survey, Washington 25, D. C. 

GOETIMAN, FRANKLIN P., 1121 Queen Street, Pottstown, Pennsylvania. 

*GOLDICH, SAMUEL S., Bureau of Economic Geology, University of Texas, Austin, Texas. 
Gomez, Sr. E., Diagonal del Norte 567, Buenos Aires, Argentina, South America. 
GONZALES-BONORINO, SR. FELIx, Direccion de Minas y Geologia, Peru 562, Buenos 

Aires, Argentina, S. A. 
GoopMAN, CLARK, 77 Massachusetts Avenue, Cambridge, Massachusetts. 

*GOODSPEED, GEORGE E., Department of Geology, University of Washington, Seattle, 

Washington. ; 
Gorpon, ELEANOR, Rt. 4, Box 100, Salem, Oregon. 

*GORDON, SAMUEL G., Philadelphia Academy of Natural Sciences, Logan Circle, Philadel- 

phia, Pennsylvania. 

*Gorpon, WILLIAM THOMAS, Kings College, Strand, London W.C. 2, England. 

GoubDEy, HaTFIELD, Box 401, Yerington, Nevada. 
GraF, Donatp L., Furnald Hall, Columbia University, New York 27, New York. 

*GrAHAM, R. P. D., McGill University, Montreal, Canada. 

GrRaAHL, Harry, 885 Cauldwell Avenue, Bronx, New York. 
*GraTon, Louis C., Rotch Building, Cambridge 38, Massachusetts. 
GRAVES, Howard B., Jr., 199 Lake Morton Drive, Lakeland, Florida. 
*GRAWE, OLIVER R., Department of Geology, Missouri School of Mines, Rolla, Missouri. 
GREENE, KENNETH T., 810 Medea Way, Denver 9, Colorado. 
*GrEIG, JosepH W., Geophysical Laboratory, 2801 Upton Street, N.W., Washington 8, 
IDG 

GRIEGER, JOHN M., 1633 East Walnut Street, Pasadena 4, California. 

GriFFiTHs, JOHN CEpRICc, Geological Laboratory, Trinidad Leaseholds, Ltd., Pointe-a- 
Pierre, Trinidad, B.W.1I. 

GrirFiTHs, WALLACE R., Department of Geology, University of Colorado, Boulder, 
Colorado. 

GRILL, EMENUELE, Instituto di Mineralogia e Petrografia della Universita, Via Botti- 
celli 23, Milano, Italy. 

*Grim, Ravpu E., 1006 South Busey Street, Urbana, Illinois. 

GrocaNn, Rosert M., Illinois State Geological Survey, Urbana, Illinois. 


FELLOWS, MEMBERS, SUBSCRIBERS 223 


Groscup, LEsLr£, Longvale, California. 
Gross, EuGENE B., 755 15th Street, Boulder, Colorado. 
Grossman, Irvine, Dept. of Geology, University of North Dakota, Grand Forks, North 
Dakota. 
*GrouT, Frank F., Dept. of Geology, University of Minnesota, Minneapolis, Minnesota. 
*GRUNER, JOHN W., Dept. of Geology, University of Minnesota, Minneapolis, Minnesota. 
Grunic, J. K., c/o James S. Williams, U. S. Geological Survey, Box 247—F.W.A. Bldg., 
Washington 25, D. C. 
GueErci, Mrs. Irmcarp A., 2718 Bainbridge Avenue, New York 58, N. Y. 
Gummer, WItFrD K., 815 Fifth Street, Arvida, Quebec, Canada. 
Gystn, M. F., Lab. de Min. de l’Université, Quai de |’Ecole de Medecine, Geneve, Switzer- 
land. 


Happock, WILLIAM J., 1952 Selby Avenue, Los Angeles 25, California. 
*Harr, Joun C., Colorado School of Mines, Golden, Colorado. 
HaceErvp, H., Feolstraede, Copenhagen, Denmark. 
HaAGNER, ARTHUR F., Dept. of Geology, University of Wyoming, Laramie, Wyoming. 
Harsouty, M. T., 4801 Connecticut Avenue, N.W., Apt. 819, Washington 8, D. C. 
Hatt, F. P., 206 Granger Road, Syracuse 9, New York. 
*HALLIMOND, ARTHUR FRANCIS, Geological Survey and Museum, Exhibition Road, South 
Kensington, London, S.W. 7, England. 
Ham, WiL11AM EUGENE, State Geological Survey, Norman, Oklahoma. 
HAMILTON, WARREN B., 211 South Citrus Avenue, Los Angeles 36, California. 
HANLEY, JoHN B., Section of Non-metalliferous Geology, U. S. Geological Survey, 
Washington 25, D. C. 
*HaRCOURT, GEORGE ALLAN, Copper Cliff, Ontario, Canada. 
Harman, C. G., 701 Kingston Road, Baltimore 12, Maryland. 
Harman, R. E. (F/Lt.), 10715-84th Ave., Edmonton, Alberta, Canada. 
Hatcu, RosErt A., c/o Corning Glass Works, Corning, New York. 
HavuzeE, GrEorcE E., P.O. Box 326, Fairlawn, New Jersey. 
*Hawkins, A. C., 126 Sycamore Avenue, North Plainfield, New Jersey. 
Haw ey, F. G., 1624 E. Fifth Street, Tucson, Arizona. 
*HAWLEY, James E., Dept. of Mineralogy, Queen’s University, Kingston, Ontario, 
Canada. 
Haypon, NicHoras, 41 West 56th Street, New York, N. Y. 
Hayes, JULIAN LEE, P.O. Box 751, Park City, Utah. 
Hayes, Junrus J., 1148 East 1st S., Salt Lake City 2, Utah. 
HEARNE, L. F., Salem, Kentucky. 
HEINEMAN, RosBeErt E. S., 20 Calle Conquista, Tucson, Arizona. 
HErnricH, E. Wiiiram, Montana School of Mines, Butte, Montana. 
HENDERSON, DONALD M., 37 Elm Street, Wellesley Hills, Massachusetts. 
*HENDERSON, Epwarbd P., U. S. National Museum, Washington, D. C. 
*HENDRICKS, STERLING B., 1118 Dale Drive, Silver Spring, Maryland. 
Henry, Norman F. M., Dept. of Mineralogy and Petrology, University of Cambridge, 
Downing Street, Cambridge, England. 
Henry, Daroxp J., Apt. 8, 523 So. Walnut, Brea, California. 
HENTSCHEL, H. W., 1528 N. Newkirk Street, Philadelphia 21, Pa. 
*Hess, FRANK L., 5509 Roosevelt Street, Bethesda 14, Maryland. 
*Hess, Harry H., Department of Geology, Princeton University, Princeton, N. J. 
*HEWETT, DonnEL F., U. S. Geological Survey, Washington 25, D. C. 


224 FELLOWS, MEMBERS, SUBSCRIBERS 


*Hewirt, D. F., 1195 Avenue Road, Toronto, Ontario, Canada. 
HeEyt, ALLEN V., Jr., U. S. Geological Survey, P.O. Box 261, Platteville, Wisconsin. 
*Hevy1, GeorceE R., R.F.D. 2, Box 380, Concord, California. 
Hicxox, Witiram O., IV, R.D. 3, Linglestown, Pennsylvania. 
Hitt, H. Stanton, Geology Department, Pasadena Junior College, Pasadena 4, Cali- 
fornia. 
Hitt, Jerr, Apt. 4-B, 58 West 106th Street, New York 25, New York. 
Hix, Wrr11aM L., 321 Ingraham Street, N.W., Washington 11, D. C. 
Hiits, Ratpx F., 18 Greenwood Avenue, Bloomfield, Connecticut. 
Hits, Tomas M., Department of Geology, Vassar College, Poughkeepsie, New York. 
Hinckiey, ARTHUR T., 937 Harrison Avenue, Niagara Falls, New York. 
*Hopcr, Epwin T., 2915 Luray Terrace, N.W., Portland, Oregon. 
Hopnett, L., Research Department, Canadian Refractories Limited, Kilmar, P. W., 
Canada. 
*HoLDEN, GUERDON S., Plain Dealer Building, Cleveland, Ohio. 
*Hoimes, ARTHUR, University of Edinburgh, Grant Institute of Geology, King’s Build- 
ings, West Mains Road, Edinburgh 9, Scotland. 
Hormes, Mrs. M.A., c/o Chase National Bank, Bushhouse, Aldwych, London, W. C. 2, 
England. ‘ 
Hormes, Rarpy J., Department of Geology, Columbia University, New York 27, N. Y. 
HorseEr, WititAM T., U. S. Geological Survey, 2659, Juneau, Alaska. 
Hooker, Marjorig, 32-14 146th Street, Flushing, New York. 
Hooper, D. W., Mason, Texas. 
Horn, AusBrey E., c/o Associated Tin Mines of Nigeria, Ltd., P.O. Barrikin Ladi, 
Plateau Province, Nigeria. 
Hose, Heata Roypon, Aluminum Laboratories, 1800 Sun Life Building, Montreal, 
Quebec, Canada. 
Howe ts, Lewis W., Orefield, R.F.D. 1, Pennsylvania. 
*HowLanp, Artuur L., Department of Geology, Northwestern University, Evanston, 
Illinois. 
HuspBarp, Bera, 1405 E. Kleindale Road, Tucson, Arizona. 
Hupeins, Carter, Marion, North Carolina. 
HurrMan, CHARLES R., 1422 La Loma Road, Pasadena, California. 
HurnaceEt, ALvin A., 1150 Carroll Street, Brooklyn 25, New York. 
Huciit, Wiri1am, Langham House, Fields Road, Alsager, Cheshire, England. 
HUSTED, JrHn E., Dept. of Geology, Washington and Lee University, Lexington, Virginia. 
*Hunt, WALTER F., Mineralogical Laboratory, University of Michigan, Ann Arbor, Mich- 
igan. 
*HURLBUT, CORNELIUS S., JR., Harvard University, Cambridge 38, Massachusetts. 
*Hurron, C. OszornE, Dept. of Geology, University of Otago, Dunedin, New Zealand. 


Itcen, WixiraM, 176 Franklin Avenue, San Gabriel, California. 
*INGERSON, Eart, Geophysical Laboratory, Washington 8, D. C. 
*INSLEY, HERBERT, National Bureau of Standards, Washingtor 25, D. C. 

Irwin, Wi11aM H., 215 East 19th Avenue, Denver 5, Colorado. 


JACKEL, Roranp D., 2121 Virginia Avenue, N.W., Washington 7, D. C. 
Jacoss, ELBRIDGE C., University of Vermont, Burlington, Vermont. 
Jacoss, Lous J., The Obermayer Company, 2563 West 18th Street, Chicago 8, Illinois. 


FELLOWS, MEMBERS, SUBSCRIBERS 225 


JAE, JAMES F., 5510 Waterman Avenue, St. Louis 12, Missouri. 
JAFFE, ARTHUR, 306 West 3rd Street, Erie, Pennsylvania. 
Jarre, Howarp W., 5704-4th Street, N.W., Washington 11, D. C. 
James, Harorp L., U. S. Geological Survey, Box 15, Iron River, Michigan. 
JARRELL, Oscar W., Apt. 14-C, 320 Riverside Drive, New York 25, N. Y. 
JEFFRIES, CHARLES D., Dept. of Agronomy, Agricultural Building, State College, Penn- 
sylvania. 
JENSEN, Davin E., 199 East Brook Road, Pittsford, New York. 
JESTER, EDwarD, 1722 West 4th Street, Wilmington 163, Delaware. 
*JOHANNSEN, ALBERT, 2203 West 111th Street, Chicago 43, Illinois. 
JOHANSSON, FREDERICK V., 96 Boutelle Street, Leominster, Massachusetts. 
JouNSON, J. Haran, Box 306, Golden, Colorado. 
Jounson, Miss Saran C., 5112 Connecticut Ave., N.W., Apt. 301, Washington 5, D. C. 
Jounson, W. M., Route 4, Knoxville, Tennessee. 
*JounsTon, R. A. A., 112 Old Forest Hill Road, Toronto 10, Ontario, Canada. 
*JounsTon, Wi111aM D., Jr., U. S. Geological Survey, Washington 25, D. C. 
Jounston, W. G., Leeville, Ontario, Canada. 
*JOLLIFFE, ALFRED W., Bureau of Economic Geology, Canada Geological Survey, Ot- 
tawa, Canada. 
JONES, GARDNER H., 8 Hill Street, Lakeport, New Hampshire. 
Jones, Mrs. Ira I., c/o U. S. Geological Survey, 408 North 4th Avenue, Tucson, Arizona. 


Katey, Mary ELizABETH, Permanente Metals Research Laboratory, Permanente Metals 
Corporation, Permanente, California. 
KarreER, S., Research & Development Division, New Mexico School of Mines, Box 6000, 
Station A, Albuquerque, New Mexico. 
Kaspar, JAN, Vhopkach 13, Praha 13, Czechoslovakia. 
KASSNER, MEYER J., 628 Main Street, Laconia, New Hampsnire. 
KaurrMan, A. J., JR., 2534 E. 24th Street, Tulsa, Oklahoma. 
*KEEvIL, NORMAN BELL, University of Toronto, Toronto 5, Canada. 
*KELLER, WALTER D., 208 Swallow Hall, Columbia, Missouri. 
*KELLEY, WALTER P., 120 Hilgard Hall, University of California, Berkeley 4, California. 
KENNEDY, GEORGE C., Lowell G-34, Harvard University, Cambridge 38, Massachusetts. 
*Kerr, Paut F., Department of Geology, Columbia University, New York 27, New York. 
Kerr-Lawson, Mrs. FERGA CARMICHAEL, Box 5, Swastika, Ontario, Canada. 
KEssLER, CHARLES N., No. 3 Berg Apts., Helena, Montana. 
KessiEr, M. S., 117 East Main Street, Ottumwa, Iowa. 
Kretz, ADoLPH, Box 738, RFD 2, Bellevue, Washington. 
Krno, J. A., 8008 Sarena Street, Detroit 10, Michigan. 
Kine, Myre E., 3102 West 36th Avenue, Denver, Colorado. 
Krpnis, JosernH S., 15 West 46th Street, New York, New York. 
Kirkpatrick, ALAN F., 160 Mason Street, Greenwich, Connecticut. 
*Kie1n, ALBERT A., Norton Company, Worcester, Massachusetts. 
KieIn, GitBerT E., Dept. of Geology, Massachusetts Institute of Technology, Cam- 
bridge 39, Mass. 
Kiem, Ira E., c/o Geology Division, Bureau of Reclamation, Sacramento, California. 
Knase, Wii11Am C., 3853 North Gratz Street, Philadelphia, Pennsylvania. 
KnizEk, J. O., Apartado 1402, Mexico, D. F., Mexico. 
*Knopr, ADOLPH, Dept. of Geology, Yale University, New Haven, Connecticut. 
Knox, Marcaret S., Apt. 21, 430 West 118th Street, New York 27, New York. 


226 FELLOWS, MEMBERS, SUBSCRIBERS 


Kock, E. L., c/o Geo. W. Gates & Co., Franklin Square, L. I., New York. 
KoEBEL, CHARLES J., 9456 Grinnell Street, Detroit 13, Michigan. 
*KoscHMAnN, A. H., U. S. Geological Survey, 314 Boston Building, Denver 2, Colorado. 
*Kraus, Epwarp H., Mineralogical Laboratory, University of Michigan, Ann Arbor, 
Michigan. 
Krause, Ricwarp B., P. & O. Courts #59, Olympic Blvd. & Purdue, West Los Angeles, 
California. 
KreiTEr, V. M., Koteljnichesk. nab. 17-a, kv. 2, Moskva, SSSR. 
*KRISHNAN, MAHARAJAPURAM SITARAM, 27 Chowringhee, Calcutta, India. 
KUENSTLER, WALTER E., 410 Lafayette Avenue, Cliffside Park 8, N. J. 
Kun, TRUMAN H., Department of Geology, Colorado School of Mines, Golden, Colorado. 
Kutt, Srta. V., Terrada 550, Buenos Aires, Argentina. 
Kupas, Jutius, Baiamare-Bagybanya, Roumania. 
Kurparov, JOANN D., Dept. of Physics, Ohio State University, Columbus, Ohio. 
Kuzymiy, A. M., Nechevskij per. 22, iv. 4, Tomsk, SSSR. 


Lapoo, Raymonp B., 42 Huntington Road, Newton, Massachusetts. 
*LANDES, KENNETH K., Geology Department, University of Michigan, Ann Arbor, Mich- 
igan. 
*LANE, ALFRED C., 22 Arlington Street, Cambridge 40, Massachusetts. 
LANGFORD, LAWRENCE, P.O. Box 1673, Billings, Montana. 
LANGILLE, H. D., Edificio Ferreira, Hermosillo, Sonora, Mexico. 
*LARSEN, Esper S., Jr., 59 Orchard Street, Belmont, Massachusetts. 
*LARSEN, Esper S., 3d., 8501 Greenwood Avenue, Takoma Park 12, Maryland. 
*LAUSEN, CARL, General Delivery, Hot Springs, New Mexico. 
Leacu, Francis J., Lordsburg, New Mexico. 
LrE, Hartey C., Basic Refractories, Inc., 845 Hanna Building, Cleveland 15, Ohio. 
*LEE, O. Ivan, 2684 Boulevard, Jersey City 6, New Jersey. 
LEHN, JosEPH W., 711 Varnum Street, N.W., Washington 11, D. C. 
LE Maret, TED., 461 Crescent, Oakland 10, California. 
LEMCcKE, W. L., 609 14th Street, Franklin, Pennsylvania. 
LEMKE, RicHArD W., Ednor, Montgomery County, Maryland. 
LEMMLEIN, PROFESSOR, Kniznij Otdel Akademii Nauk, Ul. Kropotkina 16, Moskva 34, 
USSR. 
*Lemmon, Dwicut M., U. S. Geological Survey, Washington 25, D. C. 
Lemon, Miss Juria G., 67 West Central Avenue, Pearl River, N. Y. 
LENNON, JOHN W., Orefraction, Inc., 7505 Meade Street, Pittsburgh 8, Pennsylvania. 
LEONARD, BENJAMIN F., III, c/o Dept. of Geology, Princeton University, Princeton. 
Nee 
LEtoRT, MonsrIEuR YVES, 16, Rue Lalo, 16, Paris (8°), France. 
Levin, S. Benepict, 50 Crest Drive, Little Silver, New Jersey. 
Lewis, FRANK A., 721 East 35th Street, Brooklyn, New York. 
Lewis, W. Scort, 2500 N. Beachwood Drive, Hollywood 28, California. 
LIppERDALE, E. E., Box 188, Billings, Montana. 
DE Lima, Prrnro, Rua Vitorino Carmillo 565, Sao Paulo, Brazil. 
LIncoLn, EARLE E., Holberg, British Columbia, Canada. 
LrnpBeErG, Mrs. Marie Loutse, U. S. Geological Survey, Washington 25, D. C. 
LinDHE, Henry E., P.O. Box #130, Austin 2, Texas. 
LInVILLE, P. E., 2017 Taft Avenue, Hollywood 28, California. 


FELLOWS, MEMBERS, SUBSCRIBERS 227 


Locan, Cares D., Room 429, Y.M.C.A., 235 E. Holly Street, Pasadena, California. 
Louse, R. A., Route #1, Box 55, Woodburn, Oregon. 
LonccHampon, M. H., Prefecturat de Police, Lyon, France. 
*LONSDALE, JOHN T., Bureau of Economic Geology, University of Texas, Box B Univer- 
sity Station, Austin 12, Texas. 
*Lopez, Victor M., Servicio Tecnico de Geologia, Ministerio de Fomento, Caracas, 
Venezuela. 
*LOUDERBACK, GEorGE D., Department of Mineralogy, University of California, Berkeley 
4, California. 
*LOVERING, Tuomas S., Department of Geology, University of Michigan, Ann Arbor, 
Michigan. 
Lowe, Kurt E., 196 Rockaway Parkway, Brooklyn 12, New York. 
LOWENSTEIN, SR. WALTER, Ruo Morro Verde, 16, Sao Paulo, Brazil, S. A. 
Lucuitzky, V. I., Bol. Kaluzhskaia ul., 6, kv. 18, Moskva, 49, SSSR. 
LUKESH, JOSEPH STEVENS, 181 Walnut Street, Brookline, Massachusetts. 
Lunpogvist, A. B. AxEt, Drottninggatan 28, Stockholm, Sweden. 
Lyons, ERwin J., Wisconsin Institute of Technology, Platteville, Wisconsin. 


*MacDonatp, Gorpon A., Geological Survey, 333 Federal Building, Honolulu 2, Hawaii. 
Mackay, Rapa E., 2923 East Harrison Street, Seattle 2, Washington. 
MacKenzie, G. S., Dept. ot Geology, University of New Brunswick, Fredericton, N. B., 
Canada. 
Macrt, R. J., JR., Corhart Refractories Co., 1600 W. Lee Street, Louisville 10, Kentucky. 
Maury, E. G., Notre Dame University, Notre Dame, Indiana. 
*MANCHESTER, JAMES G., 325 16th Avenue, N.E. St. Petersburg, Florida. 
*MARBLE, JOHN P., 37 East Bradley Lane, Chevy Chase 15, Maryland. 
Marinos, GeorcE, Aminandrou 31 Koukaki, Athenes, Greece. 
Markman, Harvey C., Curator of Geology, The Colorado Museum of Natural History, 
City Park, Denver 6, Colorado. 
Marsu, Cuartorte A., U. S. Geological Survey, Washington 25, D. C. 
MarsHAtt, E. M., Bethel, Connecticut. 
*MARTENS, JAMES H. C., 2925 University Avenue, Morgantown, W. Va. 
Martin, E. B., Westbury, Long Island, New York. 
*Mason, Brian H., 109 Shelly Beach Road, Auckland W. I., New Zealand. 
Mason, VINCENT I., 154 Beaumont Avenue, Newtonville 60, Massachusetts. 
MartEER, W. D., Box 51, Midland, Texas. 
MatHewson, Harris D., Box 582, Berkeley 1, California. 
Matveev, K. K., Prof., ul. Lenina, 52, kv. 253, Sverdlovsk, SSSR. 
Mawpsy, M. A., Collins House, 360 Collins Street, Melbourne, Victoria, Australia. 
Mayzank, N. W., Mullard Radio Valve Co., Ltd., New Road, Mitcham Junction, 
Surrey, England. 
Maver, R. W., 722 Front Street, Fullerton, Pennsylvania. 
*MAYNARD, JAMES E., Department of Mineralogy, Syracuse University, Syracuse, New 
York. 
*McCavucuey, W1111aM J., Lord Hall, Ohio State University, Columbus, Ohio. 
*McConneELL, Duncan, Bureau of Reclamation, Customhouse, Denver, Colorado. 
MclInrtosu, ALEX O., Purvis Club, McMasterville, Quebec, Canada. 
*McKinstry, Hucu E., Rotch Building, Cambridge 38, Massachusetts. 
*McLAucHLtIn, Donarp H., c/o Homestake Mining Company, 300 Montgomery Street, 
San Francisco, California. 


228 FELLOWS, MEMBERS, SUBSCRIBERS 


McLELtan, Roy D., Research Department, American Smelting and Refining Company, 
Barger, New Jersey. 
McLeop, Mrs. Epiru, 413 High Street, Klamath Falls, Oregon. 
*McVay, Tuomas N., University of Alabama, School of Chemistry, University, Alabama. 
*MEAD, WARREN J., Department of Geology, Massachusetts Institute of Technology, 
Cambridge 39, Massachusetts. 
MEEK, Warp BENJAMIN, 2109 East Dayton Street, Madison, Wisconsin. 
*MeEn, V. BEN, Dept. of Geological Sciences, University of Toronto, Toronto 5, Canada. 
MEuRKENS, E. O., 35 Preston Street, Bogota, New Jersey. 
MENCHER, ELy, c/o Socony-Vacuum Oil Company of Venezuela, Apartado 246, Caracas, 
Venezuela. 
MERGNER, JOHN L., 5519 Nevada Avenue, N.W., Washington, D. C. 
*MERRITT, CLIFFORD A., University of Oklahoma, Norman, Oklahoma. 
Merritt, Puri L., Columbia University Club, 4 West 43rd Street, New York, N. Y. 
*MERTIE, JOHN B., Jr., U. S. Geological Survey, Washington 25, D. C. 
*MErRwIn, HERBERT E., Geophysical Laboratory, 2801 Upton Street, N.W., Washington 
SaDnCG 
MEYER, CHARLES, Box 597, Butte, Montana. 
MEvER, W. J., Hall, Montana. 
Meyers, T. R., Dept. of Geology, University of New Hampshire, Durham, New Hamp- 
shire. 
MIELENz, RicHARD C., Bureau of Reclamation, Customhouse, Denver 2, Colorado. 
*MiIttER, WiLLIAM J., Dept. of Geology, University of California, Los Angelos 24, Cali- 
fornia. 
Mixamt, Harry M., E. J. Lavino & Co., Box 29, Norristown, Pennsylvania. 
Mrirworat, A. T., 525 East 68th Street, New York, New York. 
Mirrar, HucH H., 3752 Montgomery Avenue, Detroit 6, Michigan. 
Miter, F. Stuart, 1029 Bryden Road, Columbus 5, Ohio. 
MILter, Henry A., 3119 So. Dakota Avenue, N.E., Washington, D. C. 
MILLER, ROSWELL, 3d, Migdale House, Milbrook, New York. 
Mier, Artuur H., 3954 N. Capitol Avenue, Indianapolis 8, Indiana. 
*MILTON, CHARLES, U. S. Geological Survey, Washington 25, D. C. 
*MiserR, Hucu D., U.S. Geological Survey, Washington 25, D. C. 
Moess, N. N., 7200 Chatham Street, Chevy Chase 15, Maryland. 
*MONEYMAKER, BERLEN C., c/o T.V.A. Geologic Division, 620 Union Building, Knoxville, 
Tennessee. 
Montcomery, ARTHUR, 277 Park Avenue, New York City. 
*MoorE, Eiwoop S., University of Toronto, Toronto 5, Canada. 
Moore, Joun J., 1444 Dorchester Avenue, Dorchester, Massachusetts. 
MorcGAn, LEonarD A., 216 Jones Avenue, Burlington, New Jersey. 
*Morris, FREDERICK K., Dept. of Geology, Massachusetts Institute of Technology, Cam-. 
bridge 39, Massachusetts. 
Morrison, Nei T., Ferner Hotel, Somerset, Pennsylvania. 
Movyp, Louis, U. S. Waterways Experiment Station, Clinton, Mississippi. 
Mrose, Miss Mary E., 42 Prosper Street, Malden 48, Massachusetts. 
Muttincs, W. M., Box 391, Garland, Texas. 
MULLNER, Henry C., 79 Ackerman Avenue, Clifton, New Jersey. 
*Murata, K. J., U. S. Geological Survey, Washington 25, D. C. 
*Murpocu, JosepH, University of California, Los Angeles 24, California. 


FELLOWS, MEMBERS, SUBSCRIBERS 229 


Mourpay, Ricwarb, c/o Eldorado Mining & Refining Company, Box 379, Ottawa, On- 
tario, Canada. 
Murray, ALBerT N., Dept. of Geology, University of Tulsa, Tulsa 4, Oklahoma. 
*Myers, WIL11AM M., School of Mineral Industries, Pennsylvania State College, State 
College, Pennsylvania. 


*NAGELSCHMIDT, GUNTER, 52 Turo Road, St. Austell, Cornwall, England. 
Nanary, YEHIEL, P.O. Box 5013, Tel Aviv, Palestine. 
NALLE, PETER B., Bethlehem Pike, Whitemarsh, Pennsylvania. 
NEIMAN, Rosert, 505 E. Chestnut Street, Louisville 2, Kentucky. 
NEL, HANs JurteE, Geological Survey, Box 401, Pretoria, Union of South Africa. 
NELSON, GAYLORD, 722 Sunset Lane, East Lansing, Michigan. 
NEUERBURG, GEORGE J., 919 N. Normandie Avenue, Los Angeles 27, California. 
Newry, CHESTER A., 1927 Hennepin Avenue, Minneapolis 5, Minnesota. 
*NEWHOUSE, WALTER H., Department of Geology, University of Chicago, Chicago 37, 
Illinois. 
NEwkirk, DAN L., 1106 S. Gulley Road, Dearborn, Michigan. 
Newman, GeorcE H., 2109 Las Lunas Street, Pasadena 8, California. 
Nicwots, Josepu B., 2830 D Street, Sacramento 16, California. 
NiESET, Cart F., St. Joseph College, Collegeville, Indiana. 
Nites, GLENN H., P.O. Box 4, Ridgewood, New Jersey. 
Nisson, WILi1AM H., 815 D Street, Petaluma, California. 
Nrxon, H. L., Rothamsted Experimental Station, Harpenden Herts, England. 
*NoBLE, JAMES A., c/o Homestake Mining Company, Lead, South Dakota. 
*Noran, Tuomas B., U. S. Geological Survey, Washington 25, D. C. 
Nortruup, M. Aten, c/o S. A. Murray Exportadora, Rua Constituicao 37, Rio de 
Janeiro, Brazil. 
Norton, JAMEs J., U. S. Geological Survey, Box 71, Custer, South Dakota. 
NowackI1, W., H. Sahlistr. 6, Min. Inst. Univ., Bern, Switzerland. 
NuFFIELD, Epwarp W., Dept. of Mineralogy, University of Toronto, Toronto 5, Canada. 
Nurtine, P. G., 3216 Oliver Street, N.W., Washington, D. C. 
NyGrEEN, PAut, 5643 Brooklyn Avenue, Seattle 5, Washington. 


Oxe, Wir11aM C., 9115 South Harvard Boulvevard, Los Angeles 44, California. 
O’LEary, THomas S., 7362 N. Damen Avenue, Chicago 45, Illinois. 
O’LEary, W. J., 956 Niagara Avenue, Niagara Falls, New York. 
Otiver, R. L., Box III, Oracle, Arizona. 
Otson, J. C., U. S. Geological Survey, Washington 25, D. C. 
*ORCEL, JEAN, Museum d’Histoire Naturelle, 61 Rue de Buffon, Paris V, France. 
OrtEGA, Francisco Barroso, Lab. No. 2 de Mineralogia, Facultad de Ciencias, Uni- 
versidad de la Habana, La Habana, Cuba. 
*OsBoRN, ELBURT FRANKLIN, Research Laboratory, Eastman Kodak Company, Kodak 
Park, Rochester 4, New York. 
OTERSEN, Mrs. LizirAn M., 16 Grove Place, Prospect Beach, West Haven, Connecticut. 
Over, Epwin J., JRr., 2522 W. Cucharras, Colorado Springs, Colorado. 
OveRTON, ELLSworTH CHANNING, 5202 Magnolia Avenue, Chicago 40, Lllinois.) 


*Papst, ADOLF, Dept. of Geology, University of California, Berkeley 4, California. 
Pactt, Jrr1, Kamenicka 5, Praha VII, Czechoslovakia. 


230 FELLOWS, MEMBERS, SUBSCRIBERS 


Pacer, JAMEs J., U. S. Geological Survey, Washington 25, D. C. 
Pace, Lincoun R., U. S. Geological Survey, P.O. Box 71, Custer, South Dakota. 
*PaLACHE, CHARLES, 106 Appleton Street, Cambridge, Massachusetts. 
Panicut, Uco, Istituto di Mineralogia, della R. Université di Pavia, Viale Taramelli, 
Pavia, Italy. 
*PaRK, CHARLES FREDERICK, JR., Department of Geology, Stanford University, California. 
*PAaRRISH, WILLIAM, North American Philips Company, Dobbs Ferry, New York. 
*Parsons, ARTHUR L., Royal Ontario Museum of Mineralogy, 100 Queen’s Park, Toronto 
5, Ontario, Canada. 
Parsons, WILLARD H., Department of Geology, Wayne University, Detroit 1, Michigan. 
Patterson, A. L., Bryn Mawr College, Bryn Mawr, Pennsylvania. 
Payton, JOHN E., Rt. 1 (Broadway of America), Hot Springs National Park, Arkansas. 
*Peacock, MartIN A., Dept. of Geological Sciences, University of Toronto, Toronto 5, 
Canada. 
PEARCE, D. W., Department of Chemistry, Purdue University, Lafayette, Indiana. 
PEARL, RicHarpD M., Colorado College, Colorado Springs, Colorado. 
Peck, RosBeErt, 3011 Spurlock Street, Dallas 10, Texas. 
*Pecora, WILLIAM T., U. S. Geological Survey, Washington 25, D. C. 
*Pecau, ARTHUR A., Rugby Road, Charlottesville, Virginia. 
PELTO, CHESTER R., 3116 Fontenelle Blvd., Omaha 3, Nebraska. 
PENDLETON, NorMAN H., 11 Pryce Street, Santa Cruz, California. 
*PEOPLES, JOE WEBB, Dept. of Geology, Wesleyan University, Middletown, Connecticut. 
PEpPINSKY, RayMonD, Department of Physics, Alabama Polytechnic Institute, Auburn, 
Alabama. 
PERHAM, STANLEY I., West Paris, Maine. 
Perry, Etwyn L., Department of Geology, Williams College, Williamstown, Massachu- 
setts. 
PETERSON, NELS P., Box 1211, Globe, Arizona. 
Puarr, GEORGE, Department of Geology, Princeton University, Princeton, N. J. 
*PHEMISTER, T. C., Department of Geology and Mineralogy, University of Aberdeen, 
Marischal College, Aberdeen, Scotland. 
PHILBROOK, Mrs. P. M., Box 184, Sacramento, California. 
PIERCE, ALBERT C., 470 Gainesboro Road, Drexel Hill, Pennsylvania. 
Piso, GeorGE, 5018 Portage Road, R.R. 6, Kalamazoo 86, Michigan. 
PizARRO, CARLOS JILEs, Casilla 23, Ocalle, Chile, S. A. 
Porkxanov, Akademik A. A., Vasiljevsk Ostrov, 5 Ja Linija D 20, Kv. 3, Leningrad, SSSR. 
Poore, S. W., 1011-16th Street, N.W., Canton 3, Ohio. 
Pope, G. N., 1820 Bay Street, Alameda, California. 
Popov, S. P., Ul. Majakovskogo, 22, kv. 6, Kharkov, SSSR. 
PosteL, A. WiitraM, Dept. of Geology, University of Pennsylvania, Philadelphia 4, 
Pennsylvania. 
*PouGH, FREDERICK H., American Museum of Natural History, New York 24, N. Y. 
PRESGRAVE, CyriL, Box 4372, Chestnut Hill, Philadelphia, Pennsvlvania. 
PRESTON, Homer G., 1571 Fulton Street, Aurora, Colorado. 
PriBiL, VicTor, c/o New York Art Iron Works Company, 47-18 37th Street, Long Island 
City #1, New York. 
PRIEN, EDWIN L., 194 Waban Avenue, Waban 68, Massachusetts. 
Prucua, JOHN JAMES, Suite 52, Graduate College, Princeton, New Jersey. 
PRuDICH, FRANK, Powellton, Box 115, West Virginia. 


FELLOWS, MEMBERS, SUBSCRIBERS 231 


QUENSEL, P., Stockholms Hégskola, Stockholm, Sweden. 

*Quinn, ALonzo W., Dept. of Geology, Brown University, Providence 12, R. I. 

*QUIRKE, TERENCE T., Dept. of Geology and Geography, University of Illinois, Urbana, 
Illinois. 


Raas, CHARLES H., 284 S. Walnut Street, Dallastown, Pennsylvania. 
Rassitt, JOHN C., U. S. Geological Survey, Washington 25, D. C. 
Raxko, Hannes, Box 205, Vader, Washington. 
*RAMSDELL, Lewis S., Mineralogical Laboratory, University of Michigan, Ann Arbor, 
Michigan. 
RANKAMA, KALERVO, 21 Madison Avenue, Saratoga Springs, New York. 
REED, FRANK S., 3118 Rittenhouse Street, N.W., Washington, D. C. 
REEVES, AUGUSTUS, 628 Dooly Block, Salt Lake City, Utah. 
*REINHARD, Max, Mineralogical Institute, University of Basel, Basel, Switzerland. 
REYES, JORGE Munoz, Apartado 267, La Paz, Bolivia. 
REINHART, Jack W., P.O. Box No. 935, Socorro, New Mexico. 
*RICHMOND, WALLACE E., Jr., 77 Otis Street, Newtonville 60, Massachusetts. 
RwcE, Joun D., c/o New Jersey Zinc Company, Austinville, Virginia. 
*Rres, HernricH, 401 Thurston Avenue, Ithaca, New York. 
RINDERMAN, JOHN, 101 West 78th Street, New York 24, New York. 
Rinn, Harorp W., 2917 Braley Court, Midland, Michigan. 
Riscu, Miss May, 138 West 91st Street, New York, New York. 
RitTcHIE, EVERETT J., c/o Eagle-Picher Company, Research Laboratories, Joplin, Mis- 
souri. 
RoBERTSON, ForBES, Missouri Geological Survey, Rolla, Missouri. 
ROBERTSON, PERCIVAL, Elsah, Illinois. 
Rosrnson, G. D., U. S. Geological Survey, Washington 25, D. C. 
RopeExkonr, W. J., 25 Elgin Street, Alhambra, California. 
Ropsky, BERNARD, 89-22 218th Place, Queens Village, Long Island, New York. 
RoEDDER, Epwin W., 600 West 113th Street, Apt. 11B, New York 25, N. Y- 
*RoceErs, AUSTIN F., Stanford University, California. 
Rotiins, Ross, 79 Cypress Street, Brookline, Massachusetts. 
Ros, Sr. Emirio, Daigonal Norte 567, Buenos Aires, Argentina. 
ROSENHOLTZ, JOSEPH L., Rensselaer Polytechnic Institute, Troy, New York. 
ROSENKRANS, R. R., 3439 Broadmoor, Shreveport 56, Louisiana. 
ROSENZWEIG, ABRAHAM, 1554 McKinley Street, Philadelphia 24, Pennsylvania. 
RosEVEAR, F. B., Chemical Division, The Proctor & Gambel Co., Cincinnati 17, Ohio. 
*Ross, CLARENCE S., U. S. Geological Survey, Washington 25, D. C. 
Ross, Mrs. Kip, 3100 Connecticut Avenue, N.W., Washington 6, D. C. 
Ross, Wittram D., 168 N. Ivy Avenue, Monroria, California. 
RowtanD, Ricuarps A., Shell Oil Company, P.O. Box 2099, Houston 1, Texas. 
ROWLAND, RosErt W., 4010 Alameda Drive, San Diego 3, California. 
Royat, H. F., Champion Spark Plug Company, 8525 Butler Avenue, Detroit 11, 
Michigan. 
Royer, Louis, Laboratoire de Min. et Crist. de l’Université, Algiers, Algeria. 
RUNNER, DELMAR G., 4606-47th Street, N.W., Washington 16, D. C. 
*RUNNER, JOSEPH J., Geology Building, University of Iowa, Iowa City, Iowa. 
Russo, JosEpH, 412 Laurita Street, Linden, New Jersey. 
RuTHERFORD, Rap L., Dept. of Geology, University of Alberta, Edmonton, Alberta, 
Canada. 


232 FELLOWS, MEMBERS, SUBSCRIBERS 


Sacus, WALTER P., 254 Bloomfield Avenue, Caldwell, New Jersey. 
SAFFORD, ARTHUR T., JR., 333 Homestead Avenue, Hartford, Connecticut. 
Santry, Cart INceEMAR, Gruvkontoret, Malmberget, Sweden. 
SALETEL, Lous, University of Dayton, Dayton 9, Ohio. 
*Sampson, EDWARD, Guyot Hall, Princeton University, Princeton, N. J. 
SampTer, E. L., 49 West 45th Street, New York 19, New York. 
SANDBECK, O. P., Correctionville, Iowa. 
SANDBERG, ADOLPH E., c/o Socony-Vacuum Oil Company, Apartado Nacional 1140, 
Bogota, Colombia, South America. 
San Martin y Shenz, Rent, Labratorio de Mineralogia No. 1, Facultad de Ciencias, 
Universidad de la Habana, La Habana, Cuba. 
SAUNDERS, FELIX, Lone Star Wind Tunnel, Daingerfield, Texas. 
Savior, PaurinE A., 2444 E. Bonita Avenue, Covina, California. 
*SCHAIRER, JOHN F., Geophysical Laboratory, 2801 Upton Street, N.W., Washington 8, 
DNC: 
*SCHALLER, WALDEMAR T., U. S. Geological Survey, Washington 25, D. C. 
SCHEID, VERNON E., 622 West C Street, Moscow, Idaho. 
SCHERILLO, SIGNOR Pror., Istituto di Mineralogia dell-Universita, Mezzocannone, 
Napoli 70, Italy. 
ScHLECHT, WILLIAM G., U. S. Geological Survey, Washington 25, D. C. 
SCHLOCKER, J., 811 19th Street, Golden, Colorado. 
*ScumiTT, HARRISON A., Box 572, Silver City, New Mexico. 
*SCHNEIDER, HyruM, University of Utah, Salt Lake City 1, Utah. 
*SCHOENLAUB, R. A., Sylvester and Co., Terminal Tower, Cleveland 13, Ohio. 
*SCHOEP, ALFRED, 97 Baudeloo Street, Ghent, Belgium. 
SCHORTMANN, Raymonp E., 306 Main Street, Easthampton, Massachusetts. 
ScHWARTZ, B., 1884 Monroe Avenue, Bronx, New York 57, N. Y. 
*SCHWARTZ, GEORGE M., Dept. of Geology, University of Minnesota, Minneapolis 14, 
Minnesota. 
SCHWITZER, GEORGE K., 1006 S. Orchard, Urbana, Lllinois. 
Scott, Donatp W., 505 King Avenue, Columbus 1, Ohio. 
Scott, Horace A., 2208 N. Ross Street, Santa Ana, California. 
SEGELER, Curt G., 284 East 16th Street, Brooklyn 26, New York. 
SELL, Exsiz, 28 Union Street, Reading, Massachusetts. 
SETz, C. F., 265 N. Union Blvd., St. Louis 8, Missouri. 
SEWARD, CLAy L., Bureau of Economic Geology, University of Texas, Austin 12, Texas. 
SHACKELFORD, G. E., 4340 Fairfax Avenue, Dallas, Texas. 
SHAININ, VINCENT E., Department of Civil Engineering, University of Maine, Orono, 
Maine. 
*SHAND, S. JAMES, Department of Geology, Columbia University, New York 27, N. Y. 
*SHAUB, BENJAMIN M., 159 Elm Street, Northampton, Massachusetts. 
SHERMAN, WALTER C. 27 Doro Place Rumford 16 Rhode Island. 
SHERWOOD, SIDNEY J., P.O. Box #933, Chelan, Washington. 
SHIPLEY, Ropert M., Gemological Institute of America, 541 S. Alexandria Ave., Los 
Angeles 5, California. 
Suipron, W. D., Department of Geology, Washington University, St. Louis 5, Missouri. 
*SHort, Max N., Dept. of Geology, University of Arizona, Tucson, Arizona. 
SHORTLE, WALTER C., 65 Lincoln Street, Laconia, New Hampshire. 
SwerI, D. L., Ul. Lenina, 102, Voronezh, SSSR. 
SIDWELL, RaymonD, Dept. of Geology, Texas Technical College, Lubbock, Texas. 


FELLOWS, MEMBERS, SUBSCRIBERS 233 


StevERS, D. C., 1626 Woodside Avenue, Kingsport, Tennessee. 
SILBERSTEIN, M. L., 1607 Francis Street, Houston 4, Texas. 
Srwons, FRANK S., 2818 Erie Street SE, Washington 20, D. C. 
Sims, A. E., Box 192, Natchez, Mississippi. 
*SINGEWALD, QUENTIN D., U. S. Geological Survey, Washington 25, D. C. 
SKEA, E. M., P.O. Box 46, Pilgrims Rest, Transvaal, South Africa. 
SKILLMAN, Miss MarcareEt W., Missouri Geological Survey, Rolla, Missouri. 
*SLAWSON, CHESTER B., Mineralogical Laboratory, University of Michigan, Ann Arbor, 
Michigan. 
SMEDES, Harry W., 4512 15th Street, N.E., Seattle 5, Washington. 
Smirnov, Akad. S. S., V.O. 11, Ia Linia 12 32, Kv. 15, Leningrad, SSSR. 
SmitH, D. T., Rensselaer Polytechnic Institute, Troy, New York. 
SmitH, Haroxp M., Greenville Road, Woonsocket, Rhode Island. 
SmiTH, PETER A., Box 183, Highland Mills, New York. 
SmitH, Rosert L., Fair Oaks, California. 
SmiTH, WALDEN A., Box 176, Ilwaco, Washington. 
SmiTH, WarD, 99 E] Camino Real, Berkeley 5, California. 
*SNELGROVE, ALFRED K., Dept. of Geology, Michigan College of Mining and Technology, 
Houghton, Michigan. 
Snow, Roranp B., Research Laboratory, U. S. Steel Corporation, Kearny, New Jersey. 
Snow, W. E., c/o Gold Eagle Mines, Ltd., McKenzie Island, Ontario, Canada. 
SNYDER, FRANK G., Dept. of Geology, University of Tennessee, Knoxville, Tennessee. 
SOLOVJEV, S. P., Vasiljevsk. ostrov, 11 ja lininja, 20, kv. 2, Leningrad, SSSR. 
SoTOMAYOR, EUGENIO, 6a Regina 147, Mexico, D. F., Mexico. 
SOWERS, GEORGE M., Shanks Village, Orangeburg, N. Y. 
*SPENCE, HucH S., Canada Department of Mines, Ottawa, Canada. 
SPERRY, ARTHUR B., Dept. of Geology, Kansas State College of Agriculture and Applied 
Science, Manhattan, Kansas. 
SprrorF, Krrit, Houghton, Michigan. 
SprvEy, GEORGE R., 1361 Madison Ave., Apt. 6E, New York City. 
SPRINGER, W. M., Bristol-Myers Company, 225 Long Avenue, Hillside, New Jersey. 
Sproat, Ira E., Gorham Avenue, Westport, Connecticut. 
STADNICHENKO, Miss TartstA, U. S. Geological Survey, Washington 25, D. C. 
*STANTON, GILMAN S., 245 West 104th Street, New York 25, N. Y. 
STANWOOD, CREIGHTON B., 12 Kilburn Road, Belmont 78, Massachusetts. 
*STAPLES, LLoyp W., Dept. of Geology, University of Oregon, Eugene, Oregon. 
*STARK, JOHN T., Dept. of Geology, Northwestern University, Evanston, Illinois. 
STEAD, FRANK, U.S. Geological Survey, Washington 25, D. C. 
STEEDMAN, R. D., 17 Saville Row, Newcastle on Tyne, England. 
STEEL, GEORGE E., 37 Mason Boulevard, Toronto, Ontario, Canada. 
STEEN, CHARLES A., 3803 Arbor Street, Houston 4, Texas. 
STEINER, HERBERT H., 224 East 60th Street, New York 22, New York. 
STEPHANO, C. S., 1016 Walnut Street, Philadephia 7, Pennsylvania. 
STEVENS, D. H., 2557 Casitas Avenue, Altadena, California. 
*STEVENS, ROLLIN E., U. S. Geological Survey, Washington 25, D. C. 
STEVENSON, DaviD, Box 539, Gread Bend, Kansas. 
*STEVENSON, JOHN S., Department of Mines, Parliament Bldgs., Victoria, British Colum- 
bia. 
STEVENSON, Mrs. Joun S., 1340 Richardson Street, Victoria, British Columbia. 


234 FELLOWS, MEMBERS, SUBSCRIBERS 


STEWARD, LuTHER, 51 Mitchell Drive, Phoenix, Arizona. 
*STEWART, DuNCAN, Dept. of Geology, Carleton College, Northfield, Minnesota. 
STILWELL, STEPHEN, Dept. of Geology, 104 Bacon Hall, University of California, Berke- 
ley, California. 
Strep, Ricuarp A., c/o T. F. Stipp, 1745 S. Oak Street, Casper, Wyoming. 
SropBE, Miss HELEN, Johnson Hall, Box 13, Columbia University 411 West 116th Street, 
New York 27, N. Y. 
SrorBER, R1cHarD E., 2 No. Park Street, Hanover, New Hampshire. 
Stott, WALTER C., c/o William M. Stoll, 1616 Hoge Building, Seattle, Washington. 
Stout, JEFF, Upton, Wyoming. 
STRINGHAM, BRONSON, University of Utah, Salt Lake City, Utah. 
*Stow, MarceE.tus H., 405 Massie Street, Lexington, Virginia. 
*SrRocK, LESTER W., 21 Madison Avenue, Saratoga Springs, New York. 
*STUCKEY, JASPER L., 1911 Sunset Drive, Raleigh, North Carolina. 
SwANson, VERNON E., Geology Department, Upsala College, East Orange, New Jersey. 
Swayne, W. H., Dept. of Geology, Anaconda Copper Company, Butte, Montana. 
SWEARENGEN, J. C., Hazel-Atlas Glass Company, Zanesville, Ohio. 


*TABER, STEPHEN, Dept. of Geology, University of South Carolina, Columbia, S. C. 
Tart, Mrs. Crara U., 2650 So. Dutton Ave., Santa Rosa, California. 
TaTGE, ELEANOR, 5811 14th Street, N.W., Washington, D. C. 
TauBER, J. A., P.O. Box 29, Norristown, Pennsylvania. 
Taytor, Epwarp D., Major, R.C.E., 4450 Angus Drive, Vancouver, British Columbia, 
Canada. 
TAYLOR, JAMES A., 38 Douglas Road, Glen Ridge, New Jersey. 
Taytor, Ratpu E., P.O. Box 1556, Salt Lake City 11, Utah. 
*THIBAULT, NEWMAN WILLIAM, Norton Company, Worcester, Massachusetts. 
Tuomas, W. Hersey, 145 East Gorgas Lane, Mt. Airy, Philadelphia, Pennsylvania. 
THOMPSON, CLYDE L., c/o Harbison-Walker Refractories Company, Hays Laboratory, 
Pittsburgh 7, Pennsylvania. 
THOMeSON, R., Bureau of Mines, Norris, Tennessee. 
THompson, Ropert M., Dept. of Mineralogy, University of Toronto, Toronto 5, Canada. 
THOMSON, R., Box 583, Kenora, Ontario, Canada. 
THUNE, Howarp W., 3525 Davenport Street, N.W., Washington 8, D. C. 
THURSTON, WILLIAM R., 400 East 180th Street, New York 57, New York. 
*TOLMAN, CARL, Department of Geology, Washington University St. Louis 5, Missouri. 
Tomiinson, W. HAROLD, 260 North Rolling Road, Springfield, Pennsylvania. 
*TOOTHAKER, CHARLES R., Commercial Museum, 24th and Spruce Streets, Philadelphia 4, 
Pennsylvania. 
TOWNSEND, RotanD C., U. S. Geological Survey, Box 2858, Lakewood Branch, Denver 15, 
Colorado. 
TRAINER, Davin W., Jr., 48 Payne Street, Hamilton, New York. 
TRAINER, J. N., 233 East 62d Street, New York, New York. 
TREFETHEN, JOSEPH M., Fernald Hall, University of Maine, Orono, Maine. 
TREMBLAY, ABBE J. A., Seminaire de Chicoutimi, Comte de Chicoutimi, P.Q., Canada. 
TRIMBLE, CLINTON E., 3796 Degnan Boulevard, Los Angeles, California. 
TRUDELL, Harry W., 303 Highland Avenue, Abington, Pennsylvania. 
Trutna, ROGER L., Cpt., 37806330, Det. M.D., F. G. H., Denver 8, Colorado. 
*TUNELL, GEorGE, c/o Mr. H. A. Baum, Room 1617, 110 South Dearborn Street, Chicago 
3, Illinois. 


FELLOWS, MEMBERS, SUBSCRIBERS 235 


TuroBInsKI, T. J., 1958 East 83d Street, Cleveland, Ohio. 

TurHIL1, Miss IsaBex H., 1366 Pacific Street, Brooklyn 16, New York. 

TuTT1e, O. F., Sound Division, Naval Research Laboratory, Washington 25, D. C. 
TWENHOFEL, WILiIAM S., 710 Oneida Place, Madison 5, Wisconsin. 

TwETO, OcDEN, U. S. Geological Survey, Box 235, Leadville, Colorado. 


Upson, CHARLES G., Lt. USNR., c/o Mrs. E. G. Hevener, 611 N. Third Street, Mar- 
quette, Michigan. 


VALENTINE, GRANT M., Route 1, Box 31, Olympia, Washington. 

VALENTINE, WILBUR G., Dept. of Geology, Brooklyn College, Brooklyn, New York. 

Van AtstTINE, E., Alaskan Branch, U. S. Geological Survey, Washington 25, D. C. 

Vance, Louis W., 1002 Palm Avenue, South Pasadena, California. 

VaNncE, RoBERT C., Woodland Road, Long Meadow, Pittsford, N. Y. 

Van Cott, H. Corsrn, P.O. Box 455, Corning, New York. 

VANDEREIKE, Pavt, Rt. 5, Box 177, Bakersfield, California. 

VAN DER LEvR, R., P.O. Box 2034, Hartford 1, Connecticut. 

VAN Horn, Eart C., Box 271, Murphy, North Carolina. 

Van Horn, Maurice H., c/o Eastman Kodak Co., Bldg. 59, Kodak Park Works, 
Rochester 4, New York. 

VERPLANCK, P. B., c/o Whitehall Company, Inc., P.O. Box 502, Keene, N. H. 

VESIGNIE, JEAN Pau Louts, 22 Rue du General Foy, Paris VIII, France. 

Vuay, JOHN STEWART, 707 Peyton Building, Spokane 8, Washington. 

VickERS, A. Eric J., Hazeldene, Junction Road, Norton-on-Tees, County Durham, Eng- 
land. 

VIETZKE, FRED W. C., RFD #1, Box 10, Rapid River, Michigan. 

DE VILLIERS, J. E., Geological Survey, Box 401, Pretoria, Union of South Africa. 

VinE, JAMES D., Lreut., 1407 Iroquois, Ann Arbor, Michigan. 

VITALIANO, CHARLES J., Sierra Magnesite Company, Luning, Nevada. 

*VonsEN, M., Petaluma, California. 
VREELAND, FREDERICK K., 36 Magee Avenue, Mill Valley, California. 


Wape, F. Atton, 300 East Withrow, Oxford, Ohio. 
*WaGER, LAWRENCE R., 24 North Bailey, Durham, England. 
Wacner, Hewitt, Route 5, Box 623, Tucson, Arizona. 
*WanLstROM, Ernest E., Department of Geology, University of Colorado, Boulder, 
Colorado. 
Wa po, ALLEN W., 1335 North Van Buren, Stockton 19, California. 
*WaxpscumipT, W. A., 1901 W. College, Midland, Texas. 
Watt, Mirrorp W., 12 Euston Street, Brookline, Massachusetts. 
*WALLACE, RoBErRT C., Queen’s University, Kingston, Ontario, Canada. 
Wa ten, W. S., Route No. 2, Candler, North Carolina. 
WALTER, CHARLES, JR., Caprock, New Mexico. 
Watton, Marr S., Jr., Alaskan Branch, U. S. Geological Survey, Washington 25, D. C. 
Warner, Rosert E., 2980 Pingree Avenue, Detroit, Michigan. 
Warracu, Henry C., P.O. Box 162, Hammond, Indiana. 
WasHKEN, Epwarb, 2076 Massachusetts Avenue, Cambridge 30, Massachusetts. 
WassErsTEIN, B., Geological Survey, Box 401, Pretoria, Union of South Africa. 
*Warters, AARON C., Box 1738, Stanford University, California. 
*Warson, E. H., Department of Geology, Bryn Mawr College, Bryn Mawr, Pennsylvania. 


236 FELLOWS, MEMBERS, SUBSCRIBERS 


*Wartson, KENNETH DEP., Dept. of Geology & Geography, University of British Colum- 
bia, Vancouver, B. C., Canada. 
*WAYLAND, RUSSELL G.., Mee Economics Division, OMGUS, APO 742, c/o Pian ated, 
New York City, N. Y. 
*WeBB, RoBERT W., Department of Geology, University of California at Los Angeles, 
Los Angeles 24, California. 
WEeEDGEWOOD, Paut E., Dr., 1071 Sunset Cliffs. Blvd., San Diego 7, California. 
WEEKS, CHARLES A., Red Gate Lane, Meredith, New Hampshire. 
Weaaas, Ernest, 63 Iden Avenue, Pelham Manor, New York. 
WEISSENBORN, A. E., U. S. Geological Survey, 707 Peyton Building, Spokane, Washing- 
ton. 
WELLMAN, WALTER L., 2205 Alamo Drive, Albuquerque, New Mexico. 
WELLNITz, ANNA M., Brooklyn College, Bedford and H Avenue, Brooklyn 10, New York. 
WENDEN, Henry E., Box 5134, Old Pueblo Annex, Tucson, Arizona. 
WERNER, GEORGE R., 229 Whitford Avenue, Nutley 10, New Jersey. 
*West, CuTLER D., Polaroid Corporation, 718 Main Street, Cambridge 39, Massachusetts. 
*WesTGATE, Lewis G., 124 Oak Hill Avenue, Delaware, Ohio. 
*WueERRY, Epcar T., 27 Oberlin Avenue, Swarthmore, Pennsylvania. 
WHITAKER, GEORGE C., 825 East Schaaf Road, RD 3, Brooklyn Station, Cleveland, Ohio. 
Waite, CHartes E., Dept. of Chemistry, University of Maryland, College Park, Mary- 
land. 
WuHiTE, GEORGE W., Dept. of Geology, Ohio State University, Columbus, Ohio. 
Waite, James C. M., 203 Carnegie Place, Pittsburgh 8, Pennsylvania. 
Waite, W. Artuur, Illinois Geological Survey, Urbana [Illinois. 
*WHITLOCK, HERBERT P., American Museum of Natural History, New York 24, N. Y. 
WuirmoreE, D. R. E., c/o C. M. & S. Co., Channing, Manitoba, Canada. 
WuitTTArD, W. F., Dept. of Geology, The University, Bristol 8, England. 
WILKERSON, ALBERT S., Rutgers University, New Brunswick, N. J. 
Wittems, H. W., 215 Cedar Street, Corning, New York. 
WitiiaAms, L. B., 627 Supulveda Blvd., Van Nuys, California. 
Wiittams, Norman C., 735 8th Avenue, Salt Lake City, Utah. 
Wirriams, Scott J., 2903 Grove Street, Berkeley 3, California. 
Wits, WiLLETT R., 1343 North Nevada Avenue, Colorado Springs, Colorado. 
WILLow, STEPHEN B., 2 West 47th Street, New York, New York. 
*WINCHELL, ALEXANDER N., c/o Physics Division, American Cyanamid Company, Stam- 
ford, Connecticut. 
*WINCHELL, Horace, Geology Department, Yale University, New Haven, Connecticut. 
WISsHART, JAMES S., 56 Hammond Street, Rochester 13, New York. 
Wirsrow, JAMes R., 77 16th Avenue, Columbus, Ohio. 
*WoLFE, C. W., Dept. of Geology, Boston University, Boston, Massachusetts. 
Woop, Cuirrorp H., Glendora, California. 
Woop, Witram H., R.F.D. No. 3, Red Creek, New York. 
*WooDFORD, ALFRED O., 443 West 10th Street, Claremont, California. 
WoopxovsE, C. D., 33 Mimosa Lane, Santa Barbara, California. 
Wooprvurr, T. L., 3480 Morganford Road, St. Louis 16, Missouri. 
Woops, ARTHUR E. , c/o R. E. Buvney, U. S. Maritime Commission, 348 Baronne Street 
New Orleans 12, La. 
WOOLNER, Epwarp S., Jr., P.O. Box 458, Copperhill, Tennessee. 
*WRIGHT, FREDERICK E., 2134 Wyoming Avenue, N.W., Washington, D. C. 
Wricut, GEorcE C., R.F.D. #2, Fairburn, Georgia. 


? 


FELLOWS, MEMBERS, SUBSCRIBERS 237 


Yacopa, HERMAN, Industrial Hygiene Research Laboratory, National Institute of 
Health, Bethesda 14, Maryland. 

YEISER, TED, 1324 Jefferson, Paducah, Kentucky. 

Younc, Forp, Colombia Gulf Oil Company, Apartado Nacional 1339, Bogot4, Colombia, 
S. A, 

Younc, Joun A., Jr., Department of Geology, Syracuse University, Syracuse 10, New 
York. 


ZANNARAS, J. P., Hillside, Arizona. 

ZAVARITZKY, A. N., Bol. Kaluzhskaia ul. 13, kv. 43, Moskva, SSSR. 

ZEIHEN, LESTER G., c/o Chile Exploration Company, Chuquicamata. (via Antofagasta), 
Chile, S. A. 

ZEMAN, FREDERIC D., 111 East 88th Street, New York, N. Y. 

ZERFOSS, SAMUEL, Department of Ceramics, Pennsylvania State College, State College, 
Pennsylvania. 

ZIMMER, Pau W., Geology Department, Washington State College, Pullman, Washing- 
ton. 

ZIMMERLI, E., Star Route, Uniontown, Pennsylvania. 

ZODAC, PETER, Box 29, Peekskill, New York. 


SUBSCRIBERS 


Abonem. jaschik 183, 3- je pocht. otdelenije, irkutsk, SSSR. 

Academy of Algiers, Library, Algiers, Algeria. 

Academy of Natural Sciences Library, Logan Circle, Philadelphia 3, Pennsylvania. 

Agencia Argos, Dept. H., Apartado 400, Lisbon, Portugal. 

Agricultural and Mechanical College of Texas Library, College Station, Texas. 

Akademia Gornicza w Krakowie, Mickiewicza 30, Krakow, Poland. 

Akademija Nauk Armjansk., SSR, ul. Abovjan, 61, Erevan, SSSR. 

Akademija Nauk Azerbajdzhansk. SSR., Biblioteka Kommunistichesk. ul., 10, Baku, 
SSSR. 

Aluminum Company of Canada, Ltd., Arvida, P.Q., Canada. 

Amalgamated Brick & Pipe Co., Ltd., Research Dept., Box 539, Auckland, New Zealand. 

Albama Polytechnic Institute, Library, Auburn, Alabama. 

American Colloid Company, 363 West Superior Street, Chicago 10, Illinois. 

American Cyanamid Company, Abstract Dept., 1937 West Main Street, Stamford, Con- 
necticut. 

American Museum of Natural History, Library, Central Park West at 79th Street, New 
York 24, N. Y. 

American Optica] Company, Att.: Mr. John V. Cockin, Adv. Mgr., Scientific Instrument 
Division, Buffalo 15, N. Y. 

American Optical Company, Central Library, Southbridge, Massachusetts. 

American Potash and Chemical Corporation, Trona, California. 

Amherst Coliege Library, Amherst, Massachusetts. 

Andhra University, Library, Waltair, India. 

Antioch College Library, Yellow Springs, Ohio. 

Armour Research Foundation, Library, 35 West 33d Street, Chicago 16, Illinois. 

Armstrong Cork Company, Technical Librarian, Central Technical Laboratory, Arm- 
strong Cork Company, Lancaster, Pa. 

Australian Museum, College Street, Sydney, New South Wales, Australia. 


238 FELLOWS, MEMBERS, SUBSCRIBERS 


Bailey Brothers & Swinfen, Ltd., 11 Ronalds Rd., Highbury, London N.5, England. 

Bangor Public Library, Bangor, Maine. 

Battelle Memorial Institute, 505 King Avenue, Columbus 1, Ohio. 

Bausch & Lomb Optical Company, Att.: Advertising Manager, 635 St. Paul Street, 
Rochester, New York. 

Bausch & Lomb Optical Company, Scientific Library, Rochester, New York. 

Baza Akademii Nauk po izucheniju Severa, Kommunistichesk. ul., 24 g. Syktyvkar, Komi, 
ASSR. 

Bedford College, Regents Park, London, N.W. 1, England. 

Belgian Dept. of Education, c/o Conservateur, Bibl. Royale, Place du Musée, Bruxelles, 
Belgium. 

Bell Telephone Laboratories, Inc., Technical Library, 463 West Street, New York 14, New 
York. 

Beloit College Library, Beloit, Wisconsin. 

Biblioteka Akademii Nauk, Uzbeksk. SSR, ul. Abdully Tukaeva, I, Taschkent, SSSR. 

Biblioteka Akademii Nauk, USSR, ul. Vladimirskaja 58-a, Kiev, SSSR. 

Biblioteka Akademii Nauk, SSSR, Birzhevaja linis, 1, Leningrad, SSSR. 

Biblioteka Armjanskogo, Geologich. Upravlenija, ul. gnuni 80, Erevan, SSSR. 

Biblioteka Askdemii Nauk, SSSR, Birzhevaja linija, 1, Leningrad, SSSR. 

Biblioteka Azerbajdzhansk. Geologichesk, Upravlenija prosp. Kirova, 14/30, Baku, SSSR. 

Biblioteka Azerbajdzhansk, Industr. Instituts, prosp. Lerina, 20, Baku, SSSR. 

Biblioteka Bashkirskogo, Geologich. Upravlenija, ul. Lenina, 35/37, Ufa, SSSR. 

Biblioteka Daljne-Vostochnog, Geologichesk. Upravlenija, Krasnoflotskaja ul., 21, 
Khabarovsk, SSSR. 

Biblioteka Gos. Institute priklalnoj khimii, Vatnyj ostrov, 2, Leningrad-46, SSSR. 

Biblioteka Gosuniversiteta, prosp. Karla Marksa, 18, Dnepropetrovsk, SSSR. 

Biblioteka Gruzinskogo, Geologichask. Upravlenija, ul. Makharadze, 8, Tbilisi, SSSR. 

Biblhioteka Kazakhskogo, Geologich. Upravlanija, ul. Furmanova, 84, Alma-Ata, SSSR. 

Biblioteka Kirgizskogo, Geologich. Upravlenija, Verchnijaja ul. 45, Frunze, SSSR. 

Biblioteka Severo-Kavkasskog, Geologch. Upravlenija, ul. Urickogo, 10, Essentuki, SSSR. 

Biblioteka Tadzhkiskogo, Geologich. Upravlenija, ul. Lenina, 14, Stanlinabad, SSSR. 

Biblioteka Ukrainskogo, Geologich. Upravlenija, ul. Chekistov, 5, Kiev, SSSR. 

Biblioteka Uraljskogo, Geologich. Upravlenija, ul. Veinera, 55, Sverdlovsk, SSSR. 

Biblioteka Uzbekskogo, Geologich. Upravlenija, ul. Shevchenko, 11, Tashkent, SSSR. 

Biblioteka Vistochno-Sibirwkogo Geologichesk., Upravlenija, ul. Karla Marksa, 19, Irkutsk, 
SSSR. 

Biblioteka Zapadno-Sibirskog, Geologicheskogo Upravlenija, Som Nauki i kuljtury, Novo- 
sibirsk, SSSR. 

N. V. Boekhandel en Antiquariat, c/o J. L. Beijers, Wed 5, Utrecht, Holland. 

The Bonneville Project, Box 3537, Project Library, Portland, Oregon. 

Boston Public Library, Copley Square, Boston, Massachusetts. 

Bouteron, M. Marcel, c/o M. Claude Levi-Strauss, Cultural Adviser to the French Em- 
bassy, 934 Fifth Avenue, New York 21, N. Y. 

Bowling Green State University, Library, Bowling Green, Ohio. 

British Ceramic Society, North Staffordshire Technical College Stoke-on-Trent, England. 

Brooklyn Children’s Museum, The Library, Brooklyn Ave. & Park Place, Brooklyn, New 
York. 

Brooklyn Public Library, Science and Industry Division, Grand Army Plaza, Brooklyn, 
New York. 


FELLOWS, MEMBERS, SUBSCRIBERS 239 


Brown University Library, Providence, Rhode Island. 

Brush Development Company, Att.: Lois A. Crane, Librarian, 3631 Perkins Avenue, 
Cleveland 14, Ohio. 

Brush Mineralogica] Library, Kirtland Hall, Yale University, New Haven, Connecticut. 

Bryn Mawr College Library, Bryn Mawr, Pennsylvania. 

Buffalo Museum of Science, Research Library, Humboldt Park, Buffalo 11, New York. 


Caja de Credito Minero, Laboratio Casilla 100 D, Santiago, Chile. 

California Institute of Technology, Pasadena, California. 

California State Library, Library Courts Building, Sacramento, California. 

Canadian Industries Ltd. Development Laboratory, Att:. G. J. Harris, McMasterville, 
Quebec, Canada. 

Canterbury University College, The Librarian, Christ Church, New Zealand. 

Carboloy Company, Inc., Library, Box 237, Roosevelt Park P.O., Detroit 32, Michigan. 

Carleton College Library, Northfield, Minnesota. 

Carnegie Institute of Technology, Science Branch Library, Room 115, Engineering Hall, 
Pittsburgh, Pa. 

Carnegie Library of Pittsburgh, Periodical Division, Schenley Park, Pittsburgh, Pa. 

Casa Editora, Dr. Francisco Vallardi, Cerrito 138, Buenos Aires, Argentina. 

Case School of Applied Science, Dept. of Geology and Mineralogy, Cleveland, Ohio. 

Centra] College Bangalore, Geology Department, re Mysore Government, Bangalore, My- 
sore, India. 

Central Trust of China, Att.: Mr. T. K. Waung, Asst. Mgr., 112 Hongkong and Shanghai 
Bank Building, Hongkong, China. 

Centre National de la Recherche Scientifique, Service Documentation, 45, Rue d’Ulm, 
Paris V, France. 

Centr. Biblioteka NKKHP, ul. Obukha, 10, Miskva, SSSR. 

Centr. Geologich. biblioteka, Vasiljevsk. ostrov, Sredn. prosp. 72-b, Leningrad, SSSR. 

Centr. Nauchno-tekhnich., Biblioteka Chernoi metal lurgii, jaroslavskoje shossa, 99, 
Moskva-164, SSSR. 

Centr. Nauchno-tekhnich. Biblioteka Narkomcvetmeta, SSSR Krymskij val 3 komn. 
423, Moskva-49, SSSR. 

Centr. Neftjanaja, Tekhnich. biblioteka, pl. Revolucii, 7/84, komn. IOI, Groznyj, SSSR. 

Centr. Otraslev, Nauchno-Tekhn. Biblioteka, Narkomnefti, B. Kaluzhskaja ul., 6, Moskva, 
SSSR. 

Centro Argentino de Ingerieros, Apartado 32, Correo Central, Buenos Aires, Argentina. 

Ceylon, Government Mineralogist, Department of Mineralogy, No. 5 Police Park Avenue, 
Bambalapitiya, Ceylon. 

Charles University Library, Prague, Czechoslovakia. 

Chernovickij Gosund., Universiteta, Universitetsk. ul. 16, Chernovicy, SSSR. 

Chicago Natural History Museum, Roosevelt Road and Field Drive, Chicago S, Illinois. 

Clark University Library, Worcester, Massachusetts. 

Cleveland Public Library, 325 Superior Avenue, N.E., Cleveland, Ohio. 

Cniil Krovli, Glavn. pochtamt, Pochtov. Jaschik 50, Moskva, SSSR. 

College of the City of New York, Library, c/o Mr. S. Ditzion, Periodical Division, Con- 
vent Avenue and 139th Street, New York 31, N. Y. 

Colorado College, Coburn Library, Colorado Springs, Colorado. 

Colorado School of Mines Library, Golden, Colorado. 

Colorado Springs Mineralogical Society, c/o Wulff Shoe Company, 123 N. Tején Street, 
Colorado Springs, Colorado. 


240 FELLOWS, MEMBERS, SUBSCRIBERS 


Columbia University Libraries, South Hall, Columbia University, New York 27, N. Y. 

Commissariat A. L. Energie, Atomique, Service de Documentation, 41 Avenue Foch, 
Paris 16, France. 

Commissioner of Lands and Mines, Georgetown, British Guiana. 

Consolidated Mining & Smelting Company of Canada, Ltd. 1, Central Research Library, 
Trail Smelter, Trail, B. C., Canada. 

Corhart Refractories Company, 16th and Lee Streets, Louisville 10, Kentucky. 

Cornell University Library, Ithaca, New York. 

Council for Scientific & Ind. Research, 314 Albert Street, East Melbourne C1, Victoria, 
Australia. 

Cranbrook Institute of Science, Bloomfield Hills, Michigan. 

Crane Company, Research Laboratories, Miss Helen Basil, Librarian, 836 South Michigan 
Avenue, Chicago, Illinois. 

Creole Petroleum Corporation, Geological Dept., Apartado 172, Maracaibo, Venezuela, 
SAG 

Cristalerias Rigolleau, Att.: Sr. Roberto Suarez, Baseo Colon 800, Buenos Aires, Argen- 
tina, S. A. 


Dahousie University, The University Library, Halifax, Nova Scotia. 

Daljne-Vostochnaja Baza, Akademii Nauk SSSR, ul. Chicherina, 46, g. Voroshilov, Ussur- 
ijsk. kraja, SSSR. 

Dartmouth College Library, Hanover, New Hampshire. 

Denver, Public Library, Science and Engineering Dept., Denver, Colorado. 

Departamento de Minas y Petroleo, Casilla 3967, Santiago, Chile. 

Department of Mines, Parliament Bldg., Victoria, British Columbia, Canada. 

Departmento Nacional da Produccao Mineral] (Bibliotheca), Avenida Pasteur 404, Rio de 
Janeiro, Brazil, S. A. 

DePauw University Library, Greencastle, Indiana. 

The Deputy Superintendent of Stores, Colombo, Ceylon. 

Detroit Public Library, 5201 Woodward Avenue, Detroit 2, Michigan. 

Direccién de Minas, Geologia, e Hidrogeologia, San Juan, F.C.P., Argentina. 

Director-General, Posts & Telegraphs GPO, Treasury Gardens, Melbourne, C. 2, Aus- 
tralia. 

Diretoria de Comunicacoes da Marinha, Ministerio da Marinha, Rio de Janeiro, Brazil. 

Division of Industrial Chemistry, Lorimer St., Fishermen’s Bend, Melbourne, S. C. 8, 
Victoria, Australia. 

Dow Chemica] Company Library, Midland, Michigan. 

Duke University Library, Duke Station, Durham, North Carolina. 

Durham Colleges in the University of Durham, Librarian, Sciences Laboratories, South 
Road, Durham, England. 


Earlham College Library, Richmond, Indiana. 

Eastman Kodak Company, Att.: Maurice H. Van Horn, Bldg. 59, Kodak Park Works, 
Rochester 4, New York. 

Ecole Nationale, Bibliotheque, Superieure des Mines, 60 Blvd., St. Michel, Paris VIe, 
France. 

Ecole Polytechnique, 1430 Rue St. Denis, Montreal, Canada. 

Electrotechnical Laboratory, U. S. Bureau of Mines, Norris, Tennessee. 

Emory University, The Library, Emory University, Georgia. 

Engineering Societies Library, 29 West 39th Street, New York 18, N. Y. 


FELLOWS, MEMBERS, SUBSCRIBERS 241 


Engineers Library, Engineers Experimental Station, College Station, Texas. 

Erich Eichner & Cia. Ltda.—(for Augusto Probst), Rua Rosario 135/137, Caixa Postal 
3481, Rio de Janeiro, Brazil, S. A. 

Escola Nacional de Minas e Metalurgia, Biblioteca, Ouro Preto, Minas Gerais, Brazil. 

Escola Politecnica da Universidade de Sao Paulo, Aso cuidados da Libraria Civilizacao 
Brasileira, Rua Quinze de Novembro 144, Sao Paulo, Brazil. 

Escuela de la Ingenieria de la Universidad de Cuyo, San Juan, Argentina. 


Fondational Universitaire, Library, 11 Rue d’Egmont, Brussels, Belgium. 

Foote Mineral Company, 10 East Chelten Avenue, Philadelphia 44, Pa. 

Ford Motor Company, Library, Engineering Laboratory, Dearborn, Michigan. 

Freeport Sulphur Company, Att.: Miss L. O. Lewton, 122 E. 42d St., New York 17, N. Y. 

Free Public Library, Fourth & “D” Sts., San Bernardino, California. 

Fresno State Teachers College Library, Fresno, California. 

Fundamentaljnaja Biblioteka Ljvovsk., Gosuniversiteta ul. Mokhnacjkogo, 5, Lvov, 
SSSR. 

Fundam. biblioteka Tbilisskogo, Gos. Universiteta im Stalina ul. Marra 1, Tbilisi, SSSR 


Garden State Minerals, 1034 Bloomfield, Hoboken, New Jersey. 

Gatti, Aurele M., Inc., Liberty & Fairmont Avenue, Trenton, N. J. 

General Chemical Company, L. H. Lab. Library, P.O. Box 149, Long Island City, N. Y. 

General Electric Company Laboratory, Library, Pittsfield, Massachusetts. 

General Electric Company, Research Laboratory Library, Schenectady, N. Y. 

General Electric Company, Research Laboratories, Wembley, England. 

Geological Museum, Trondhjemsveien 23, Oslo 45, Norway. 

Geological Society of America, 419 West 117th Street, New York 27, N. Y. 

Geological Society of London, Library, Burlington House, Piccadilly, London, W. 1, 
England. 

Geological Survey of Canada, Library, Department of Mines and Resources, Victoria 
Memorial Museum, Ottawa, Canada. 

Geological Survey of Egypt, The Director, Darwin Post Office, Cairo, Egypt. 

Geological Survey of Great Britain, Library, Exhibition Road, London S.W. 7, England, 

Geological Survey of India, Director, 27 Chowinghee Road, Calcutta, India. 

Geological Survey of Kiangsi, Pei-Hwa-Chow Road, Nanchang, China. 

Geological Survey of New Zealand, Director, 156, The Terrace, Wellington, C. I., New 
Zealand. 

Geological Survey of Nigeria, The Director, Kaduna Junction, Nigeria. 

Geological Survey of Poland, Rakowiecka Street 4, Warsaw, Poland. 

Geological Survey of South Africa, Department of Mines, Pretoria, South Africa. 

Geological Survey of Southern Rhodesia, The Director, Salisbury, Southern Rhodesia, 
Africa. 

Geological Survey of Uganda, Director, P.O. Box 9, Entebbe, Uganda. 

Geologo-Rasvedochn. Trest Glavgeologii, ul. Gercena, 3/5, Leningrad, SSSR. 

Geophysical Laboratory, 2801 Upton Street, N.W., Washington 8, D. C. 

Georgia Dept. of Mines, Mining and Geology, 425 State Capito], Atlanta, Georgia. 

Georgia School of Technology Library, Atlanta, Georgia. 

Glavgeologija, B. Tolmachevsk. per. 5, Moskva-1 7, SSSR. 

Glavn. pochtamt, Pochtovyj jaschik 752, Moskva, SSSR. 

Glavnyj pochtamt, Pochtovyj jaschik 944, Moskva, SSSR. 


242 FELLOWS, MEMBERS, SUBSCRIBERS 


Glavn. Upravlenije po zapovednikam, zooparkam i zoosadam pri SNK, RSFSR, Neglin, 
naja ul. 21, Moskva, SSSR. 

Gleerupska, A. B., Univ.-Bokhandeln, Lund, Sweden. 

Gornyj Institut, ul. Karla Marksa, 23, Dneptropetrovsk, SSSR. 

Gornyj Institut, V/O. 21 Linija, 2, Leningrad, SSSR. 

Gosinoizdat, Novo-Alekseevskaja 52, Mowcow, 164, USSR. 

Gos. Biblioteka SSSR. im. Lenina, ul. Marksa-Engeljsa, 14, Moskva, SSSR. 

Gos. nauchn. Biblioteka, Bibliografichesk. sektor, Krivokolen. per., 14, Moskva-Centr, 
SSSR. 

Gos. Nauchn. biblioteka im Karla Marksa, Knizhn. ul. 15/17, Rostov na, Donu, SSSR. 

Gos. publichn. biblioteka, im. pushkina, prpsp. Lenina, 11, Alma-Ata, SSSR. 

Gosudarstvennaia Biblioteka SSSR, imeni V. I. Lenina (Lenin Library), Ul. Kominterna 3, 
Moscow, USSR. 

Godud. Universitet, Zaimka. ul. Genkelja, I, Molotov-obl., SSSR. 

Gosuniversitet im. Gorjkogo, ul. Svobodnoj Akademii, 16, Kharjkov, SSSR. 

Gosuniversitet im. Molotova, ul. Engeljsa, 115, Tostov na~-Donu, SSSR. 

Government Metallurgical Laboratory, University of the Witwatersrand, Johannesburg, 
South Africa. 

Gruzneftj Cniil’s, prosp. Rustaveli 16, Tbilisi, SSSR. 


Hagan, Corporation, Att.: R. C. Cibella, Librarian, 323 Fourth Avenue, Pittsburgh 22, Pa. 

Hamilton College Library, Clinton, New York. 

Harvard University, Library, Dept. of Mineralogy, 12 Geological Museum, Cambridge 38, 
Massachusetts. 

Hebrew University, Department of Geology, Jersualem, Palestine. 

Hoganas-Billesolms A/B, Biblioteket, Hoganas, Sweden. 

Hungarian Libraries Board, Dr. Stephen Gall, Librarian, Budapest IV, Ferenciek-Tere 5, 
Hungary. 

Hunter College Library, 695 Park Avenue, New York 21, New York. 


Idaho University Library, Moscow, Idaho. 

Ikrainskij Geologo, Razvedochnyj Trest, Lermontovskaja, 25, Kharjkov, SSSR. 

Illinois State Geological Survey, 419 Natural Resources Building, Urbana, Illinois. 

Imperial Chemical Industries, Ltd., Alkali Division, Supply Dept., Northwich, Cheshire, 
England. 

Imperial Chemical Industries, Ltd., Billingham Division, Library, Main Offices, Billing- 
ham, Co. Durham, England. 

Imperial College of Science and Technology, South Kensington, 18 Cromwell Place, Lon- 
don SW 7, England. 

Indiana University Library, Bloomington, Indiana. 

Indian School of Mines, The Principal, Dhanbad, India. 

Industrial Distributors, Ltd., Diamond Research Department, St. Andrew’s House, 32-34 
Holborn Viaduct, London, E.C. 1, England. 

Institut geologii i mineralogii, ul. Marra 1, Tbilisi, SSSR. 

Institut Gorno-Khimichesk. Syrja, Oktjabrjsk. projezd, 259, Lubercy, Mosk. obl., SSSR. 

Instituto de Biologia e Pesquisas Tecnologicas, Caixa Postal 357, Curitiba Est. Parana, 
Brazil, S. A. 

Instituto de Geologia, Casilla 2777, Santiago, Chile, S. A. 

Instituto C. T. I., José Antonio 27, Madrid, Spain, 


FELLOWS, MEMBERS, SUBSCRIBERS 243 


International Minerals and Chemical Corporation, Library, 20 North Wacker Drive, 
Chicago 6, Illinois. 

International Nickel Company of Canada, Ltd., Att.: Director of Research, Copper Cliff, 
Ontario, Canada. 

Iowa State College Library, Ames, Iowa. 


James E. Morrow Library, Marshall College, Huntington 1, West Virginia. 

Johannesburg Public Library, Johannesburg, South Africa. 

John Crerar Library, Chicago, Illinois. 

Johns Hopkins University Library, Baltimore, Maryland. 

Johns-Manville Research Laboratories, Att.: Mrs. B. R. Smalley, Librarian, Manville, 
New Jerscy. 

Joliet High School, Science Dept., Joliet, Illinois. 


Kansas City Public Library, 9th and Locust Street, Kansas City, Missouri. 

Kansas State Agricultural College, The Library, Manhattan, Kansas. 

Kamchatsksja Vulkanologich., Stancija, Kamchatka, Ustj-Kamchatskij rajon, Selo Kluchi, 
SSSR. 

Kazakhskij Filial Akademii Nauk SSSR., ul. Vinogradova, 18, Alma-Ata, SSSR. 

Keninklijke Bibliotheek, Lange Voorhout 34, The Hague, Holland. 

Kennecott Copper Corporation, McGill, Nevada. 

M. Keough Futi Surprise Mine, c/o Shiff & Jacobson, Box 65, Gwelo, Southern Rhodesia, 
Africa. 

Kirgizsk. Filial Akademii Nauk SSSR., ul. DSerzhinskogo, 38, Sovnarkom, Frunze, 
SSSR. 

Kirgizsk. Publichn. biblioteka, im. Chernyshevskogo, ul. Kirova, 51, Frunze, SSSR. 

Knijnij Otdel Akademii Nauk, Ul. Kropotkina, 16, Moskva, 35, SSSR. 

Knizhnyj Otdel Akademii Nauk SSSR,,_U]. Kropotkina 16, Moskva 34, SSSR. 

Koljskanja Baza Akedemii Nauk SSSR., g. Kirovsk, Murmansk. obl., SSSR. 

Komitet po delam geologii pri, SNK SSR, ul. Kazakova, 23, Moskva, SSSR. 

Koninklijke Bibliotheek, Lange Voorhout 34, The Hague, Holland. 

Krssnljarskoge Geologichesk. Upravlenije, ul. Staline 37, Krasnojarsk, SSSR. 

Kung]. Vetenskapsakademiens Bibliotek, Stockholm 50, Sweden. 


Laboratorio Quimico Nacional, Apartado 2577, Bogot4, Colombia, S. A. 

Lafayette College Library, Easton, Pennsylvania. 

Legation of Sweden, 630 Fifth Avenue, New York 20, N. Y. 

Lehigh University Library, Bethlehem, Pennysylvania. 

Leningr. Otdelenije Nauch-no-issled. Institute, “Mekhanobr,”’ V/O, 21 linija, 8-a, Lenin- 
grad, SSSR. 

Leopoldville, Monsieur le Chef du Service Geologique Regional de Leopoldville, Congo 
Belge, Africa. 

Librairie Falk Fils, 22 Rue des Paroissiens, Brussels, Belgium. 

Library of Congress, Washington, D. C. 

Linda Hall Library, 5109 Cherry Street, Kansas City 4, Kansas. 

Linde Air Products Company, Library, East Park Drive & Woodward Avenue, Tona- 
wanda, New York. 

Livraria Kosmos (for Faculdade de Filosofia), Caixa Postal 3481, Rua do Rosario 135- 
137, Rio de Janeiro, Brazil, S. A. 


244 FELLOWS, MEMBERS, SUBSCRIBERS 


Livraria Kosmos (for Inst. Quimica Agricola), Caixa Postal 3481, Rio de Janeiro, Brazil, 
S.A: 

Livraria Kosmos, Rua Marconi 91-93, Sao Paulo, Brazil, S. A. 

Livraria Kosmos (for Experimentacao e Pesquisas), Rua Marconi 91-93, Sao Paul, Brazil, 
S. A. 

Los Angeles Public Library, Serials Division, 530 South Hope Street, Los Angeles 13, Cali- 
fornia. 

Louisiana State University Library, University, Louisiana. 


M. Paul Phillips Library, Birmingham-Southern College, Birmingham 4, Alabama. 

Masaryk University, Att.: Prof. Josef Sekanina, Kounicova 63, Brno, Czechoslovakia. 

Massachusetts Institute of Technology Library, Cambridge 39, Massachusetts. 

Massachusetts State College, Godell Library, Amherst, Massachusetts. 

McGill University, Library, 3459 McTavish Street, Montreal, Canada. 

McMaster University Library, Hamilton, Ontario, Canada. 

Mechanics Mercantile Library, Mechanics Institute, 57 Post Street, San Francisco, Cali- 
fornia. 

Metropolitan-Vickers Electrical Co., Ltd., The Librarian, Research Dept., Trafford Park, 
Manchester 17, England. 

Metropolitan Water Sewerage & Drainage Board, The Secretary, 341 Pitt Street, Sydney, 
N.S.W., Australia. 

Mezhdunarodnaja Kniga, Kuznetski Most. 18, Moscow, U.S.S.R. 

Michigan College of Mines and Technology, Library, Houghton, Michigan. 

Michigan State College Library, East Lansing, Michigan. 

Midwest Research Institute, Att.: G. Garland, Librarian, 4049 Pennsylvania Ave., Kansas 
City, Missouri. 

Milwaukee Public Library, 814 West Wisconsin Avenue, Milwaukee, Wisconsin. 

Mineral Exploration Bureau, National Resources Commission of China, 21 Omei Road, 
Kaoloumen, Nanking, China. 

Minera] Resources Survey, Director, Canberra, A.C.T., Australia. 

Ministere Mines and Pecheries, Chambre E-605, Hotel du Gouvernment, Quebec, Canada. 

Mission of the Ministry of Industrial Production, French Supply Council, 2900 Adams 
Mill Road, N.W., Washington 9, D. C. 

Missouri School of Mines and Metallurgy, Library, Rolla, Missouri. 

Monsanto Chemical Company, Central Research Dept., Library, Dayton 7, Ohio. 

Montana School of Mines, Butte, Montana. 

Montana State University Library, Missoula, Montana. 

Moskovsk. Geologo-Rasvedochn Institut, Mokhovaja ul., 11, Moskva, SSSR. 

Mount Holyoke College Library, South Hadley, Massachusetts. 

Mt. San Antonio College, Library, Pomona, California. 

Museo Civico di Storia Naturale, Marco de Marchi, Milano, Italia. 

Museum of Natural History, City Library, Assn., Springfield, Massachusetts. 


Nantucket Maria Mitchell Association, Maria Mitchell Library, Vestal Street, Nantucket, 
Massachusetts. 

National Central Library, Cheng Hsien Kai, Nanking, China. 

National Geological Survey of China, 942 Chukiang Road, Nanking, China. 

National Institute of Health, Rockville Pike, Bethesda, Maryland. 

National Lead Company, Titanium Division, P.O. Box 58, South Amboy, N. J. 

National Library of Peiping, 1 Wen Tsin Chieh, Peiping, China. 


FELLOWS, MEMBERS, SUBSCRIBERS 245 


National Museum, Russell Street, Melbourne C 1, Victoria, Australia. 

National Museum, Quinta da Boa Vista, Srta. H. Maria da Costa-Azevado, Librarian, 
Rio de Janeiro, Brazil. 

National Tsing Hua University Library, Kunming Office, Yunnan, China. 

Natural History Museum, Minera] Library, South Kensington, London, S.W. 7, England 

Nauch Bib Ka Kievskogo, Gosuniversiteta Vladimirskaya 58, Kiev, SSSR. 

Naucha. Biblioteka im. Gorjkogo, Vasiljevsk. ostrov, Universitetsk, nab. 7/9, Leningrad, 

SSSR. 

Nauchn. Biblioteka im. Gorjkogo MGU, Mokhovaja ul., 9, Moskva -9/SSSR. 

Nauchn. Biblioteka Narkomuglja, Delovoj dvor, IV podjezd, Moskva, SSSR. 

Nauchn. biblioteka Odessk., Gos. Universiteta, ul. 10-letija Krosn. Armii 24, Odessa, 
SSSR. 

Nauchnaja Biblioteka pri Kazanskom, Gosud. Universitete, ul. Chernyschevskogo, 18, 
Kazanj, SSSR. 

Nauchn. Biblioteka pri Tomskom, Gos. Universitete im. Kujbysheva, Timirjazevsk. per. 
3, Tomsk. SSSR. 

Nauchno-issled. Institut, Geologli Kh. G.U., Sovnarkonovakaja ul. 15, Kharjkov, SSSR. 

Nauchno-Issied. Institut, ‘“Mekhanobr,” Vasiljevskij Ostrov, 21, 21—-ja Lininja, 8a, 
Leningrad, SSSR. 

Nauchno-Issled. Institut ‘““Giredmet,” ul. Durova, Topolev per., 1, Moskva, SSSR. 

Nauchno Teknich Biblioteka, Ul Lenina 47, Nigri, Krivoj Rog, Dnepropetrovsk Obl. 
SSSR. 

Nauchno-tekhnich. Biblioteka Instituta im. Korova, pr. Timirjazeva, 9, Tomsk, SSSR. 

Nauchno-teknich. sovetu, g. Magadan, Khabarovsk. kraja, SSR. 

Naval Research Laboratory, Library, Washington 25, D. C. 

Netherland Government Committee for Science, Documentation Depository Library, 
c/o Miss E. Van Aalten, 235 East 38th Street, New York 16, N. Y. 

New England Museum of Natural History, 234 Berkeley Street, Boston, Massachusetts. 

New Jersey Zinc Company, 160 Front Street, New York, New York. 

New Jersey Zinc Company Library, Franklin, New Jersey. 

New Jersey Zinc Company, Technical Library, Palmerton, Pa. 

New Mexico Highlands University, Las Vegas, New Mexico. 

New Mexico State School of Mines, Socorro, New Mexico. 

New Mexico State Teachers College, Silver City, New Mexico. 

New York Mineralogical Club, Inc., c/o F. H. Pough, Secretary, American Museum of 
Natural History, New York City. 

New York Public Library, 476 Fifth Avenue, New York, New York. 

New York State Library, Albany 1, New York. 

New York University, Library, University Heights, New York, N. Y. 

New York University, Washington Square Library, 100 Washington Square East, New 
York AN. We 

Newark Museum, Washington Park West, Newark, New Jersey. 

Nijhoffs, N. V. Martinus, Lange Voorhout 9, The Hague, Holland. 

Norges Geologiske Unders¢kelse, Klingenberggt. 7 II, Oslo, Norway. 

North Carolina State College of Agriculture and Engineering, W. P. Kellam, Librarian, 
State College Station, Raleigh, North Carolina. 

North Dakota Agricultural College, The Library, Fargo, North Dakota. 

North Texas Agricultural College, Library, Arlington, Texas. 

Northwestern University Library, Evanston, Illinois. 


246 FELLOWS, MEMBERS, SUBSCRIBERS 


O.1.C. Information Unit, American Embassy, Paris, France. 

Oberlin College Library, Oberlin, Ohio. 

Occidental College Library, Los Angeles 41, California. 

Ohio State University Library, Columbus 10, Ohio. 

Oklahoma Agricultural and Mechanical College Library, Stillwater, Oklahoma. 

Ontario Dept. of Mines, Parliament Bldgs., Toronto, Ontario, Canada. 

Oregon State Agricultural College Library, Corvallis, Oregon. 

Osmania University, Head, Department of Geology, Dyderabad-Deccan, India. 

Otraslevaja nauchno-Tekhnich. Biblioteka, Glavzoloto, Pyzhevsk. per. 10, Moskva-17, 
SSSR. 

Ottawa University Library, Ottawa, Kansas. 

Owens-Illinois Glass Company, Research Library, Toledo, Ohio. 

Oxford University, Radcliffe Library, Oxford, England. 


Pasadena Junior College, Physical Science Dept., Hill and Colorado Streets, Pasadena, 
California. 

Pennsylvania State College, School of Mineral Industries, State College, Pennsylvania. 

Philadelphia Mineralogical Society, Academy of Natural Science, Logan Circle, Philadel- 
phia, Pa. 

Pomona College Library, Claremont, California. 

Presidency College, The Principal, Madras, India. 

Princeton University Library, Princeton, New Jersey. 

Provincial Bureau of Industrial Research, The Library, Chung San Nan Rd., Taipeh, 
Taiwan, China. 

Publichnaja Biblioteka im. Saltykova-Tschedrina, Sadovaja ul. 18, Leningrad, SSSR. 

Purdue University Library, Lafayette, Indiana. 


Queens Mineral Society, Mr. Wm. Stadler, Secretary, 153-08 119th Avenue, Barsley Park, 
Long Island, New York. 
Queen’s University Library, The Douglas Library, Kingston, Ontario, Canaca. 


R. Universita, Istituto di Mineralogia, Via dei Verdi, is.° 216, Messina, Italy. 

R. Universita, Istituto di Mineralogia, Palazzo Universitario, 5 Modena, Italy. 

R. Universita di Padova, Istituto di Mineralogia, Corso Garibaldi g Padova, Italia. 

R. Universita di Pisa, Istituto di Mineralogia, Pisa, Italy. 

Rautatiekirjakauppa Oy (Hukkala), Koydenpunojankatu 2, Helsinki, Finland. 

Reitzels, C. A., Importafd., Norregade 20, Copenhagen K, Denmark. 

Research Foundation, Inc., Att.: Griffith H. Riddle, Pres., 580 Park Ave., New York City 
PA ING NY 

Revue de Geologie, M. le Secretaire General, Laboratorie de Geologie, Université de 
Liége, Liége, Belgium. 

Rhode Island State College Library, Green HalJ, Kingston, R. I. 

Rhodes University College, The Librarian, Grahamstown, South Africa. 

Rice Institute Library, P.O. Box 1892, Houston 1, Texas. 

Rochester Public Library, 115 South Avenue, Rochester, N. Y. 

Rosenberg and Sellier, 14 Via Andrea Doria, Torino, Italy. 

Rotamsted Experimental Station, Harpensen, Herts, England. 

Roth, F. & Cie., S.A., Pepinet 5, Lausanne, Switzerland. 

Royal Netherlands Indies Science Society, Central Depository Library, Koningsplein 
Zuid 11, Batavia C, Netherlands East Indies. 


FELLOWS, MEMBERS, SUBSCRIBERS 247 


Royal Ontario Museum of Mineralogy, 100 Queen’s Park, Toronto 5, Canada. 
Rutgers University Library, New Brunswick, New Jersey. 


St. Louis University Library, Grand and Pine Boulevards, St. Louis, Missouri. 

St. Paul Public Library, Order Department, 4th and Washington Sts., St. Paul 2, Minne- 
sota. 

San Diego Society of Natural History, Balboa Park, San Diego, California. 

San Diego State College Library, San Diego, California. 

San Francisco Public Library, Civic Center, San Francisco 2, California. 

Santa Ana Public Library, Santa Ana, California. 

Santa Barbara State College, 1920 Lausen Road, Santa Barbara, California. 

Scholtens en Zoon, Groote Markt 43, Groningen, The Netherlands. 

Schortmann’s Minerals, 6 McKinley Avenue, Easthampton, Massachusetts. 

Science Museum Library, Accessions Dept., South Kensington, London, S.W. 7, England. 

Scientific Library Division, The Chief, Bureau of Science, Manila, P. I. 

Scripps Institute of Oceanography, The Library, La Jolla, California. 

Sektor Seti Bibliotek, Akademii Nauk SSSR, ul. Marksa-Engeljsa, 11, Moskva-19, SSSR. 

Sektor Seti Spetz Bib-ka, Akademii Nauk SSSR, Pyzhevskij per 7, Moscow 17, U.S.S.R. 

Sefiores Banco Minero, Apartado Postal 2565, Lima, Peru. 

Service des Mines, Noumea, New Caledonia. ‘ 

Servicio Tecnico de Mineria y Geologia, Att.: Victor M. Lopez, Dr., Ministerio de Fomento, 
Caracas, Venezuela, S.A. 

Servico de Documentacao, Minsterio da Agricultura, Caixa Postal 915, Rio de Janeiro, 
Brazil, S. A. 

Servico Geologico Nacional, Apartado Nacional No. 2504, Bogota, Colombia. S. A. 

Severnoje Geofegichesk. Upravlenije. Biblioteka, ul. Babushkima, 15, Syktyvkar, SSSR. 

Smit, J. K. & Sons, Inc., 157 Chambers Street, New York 7, N. Y. 

Smith, W. H. and Sons, 71-75 Boulevard Adolph Max, Brussels, Belgium. 

Smith College Library, Northampton, Massachusetts. 

Sociedad Cientifica Argentina, Santa Fe 1145, Buenos Aires, Argentina. 

Sojuzalluminrazvedka, B. Tuljskaja ul. 52, Moskva, SSSR. 

Sojuzayj Neftjanoj Nauchno-issledovat. Geologich. Razvedochn. Institut, Dvorcovaja 
naver. 18, Leningrad, SSSR. 

South Dakota State School of Mines, Library, Rapid Citv, South Dakota. 

Southern Methodist University, Library Dept., Dallas, Texas. 

Southwestern Louisiana Institute, Stephens Memorial Library, Lafayette, Louisiana. 

The Southwest Mineralogists, Att.: Pearle Arnold, Librarian, 2132 West 76th Street, Los 
Angeles 44, California. 

Spencer Lens Company, Buffalo, New York. 

Sredne-aziatskaja Geologo-Rasvedochn. Kontora, ul. Lakhuti, 2, Tashkent, SSSR. 

Sredne-aziatskij Industr. Institut, Asaakinsk. ul. 16, Tashkent, SSSR. 

Stampar, A., Rektor Sveucilista, Zagreb, Yugoslavia. 

Stanford University Library, Stanford University, California. 

State Normal School Library, Gorham, Maine. 

State University of Iowa, Library, Iowa City, Iowa. 

State University of North Dakota Library, University Station, Grand Forks, North 
Dakota. 

Steedman & Eden, Messrs., 20 Mt. Alexander Road, Flemington, W. 1,'Victoria, Australia. 

Steven, B. F. and Brown, 28-30 Little Russell Street, London, W.C. 1, England. 

Sveriges Geologiska Undersékning, Stockholm 50, Sweden. 

Syracuse University Library, Syracuse, New York. 


248 FELLOWS, MEMBERS, SUBSCRIBERS 


Tadzhikskij Filial Akademii Nauk, Ordzhonikidzebadskoje Shossa, 5, Stalinbad, SSSR. 

Technical Periodical Club, Att.: Librarian, Bureau of Reclamation, Denver 2, Colorado. 

Technical University of Norway, Geological Department, c/o Professor Dr. Thorolf Vogt, 
Trondheim, Norway. 

Tekhnich. Biblioteka NKPSM, Djakovsk. per. 4, Moskva, SSSR. 

Tennessee Eastman Corporation, Kingsport, Tennessee. 

Texas Christian University Library, Fort Worth, Texas. 

Texas College of Mines and Metallurgy, Library, El Paso, Texas. 

Texas Technological College, Librarv, Lubbock, Texas. 

Thin, James, 54-56 South Bridge Street, Edinburgh 1, Scotland. 

Thomas and Hochwalt Laboratories, Monsant Chemical Company, Dayton, Ohio. 

Toledo Public Library, 325 Michigan Street, Toledo 2, Ohio. 

Tropical Oil Company, Material Dept., Carrera 9, #13-36, Bogota, Colombia, S. A. 

Tufts College Library, Medford 55, Massachusetts. 

Turkmenskij Filial Akademii Nauk SSSR, Gogolevsk. ul., Ashkhabad, SSSR. 

Twining Laboratories, Library, P.O. Box 1472, Fresno 16, California. 


Ukrainskij Geologo, Razvedochnyj Trest, Lermontovskaja 25, Kharjkov, SSSR. 

Union Carbide and Carbon Research Laboratories, Inc., 4625 Royal Avenue, P.O. Box 
580, Niagara Falls, New York. 

Union College Library, Schenectady, New York. 

United States Bureau of Mines, Intermountain Experiment Station, University of Utah, 
Salt Lake City, Utah. 

U. S. Bureau of Mines, Petroleum & Oil-Shale Experiment Station, Laramie, Wyoming. 

U. S. Bureau of Standards Library, Washington, D. C. 

U.S. Dept. of Agriculture Library, Denver Station, Rocky Mountain Region, U. S. Forest 
Service, Post Office Building, Denver 2, Colorado. 

U. S. Geological Survey, The Librarian, Washington 25, D. C. 

U.S. Geological Survey, Regional Geologist, 707 Peyton Building, Spokane 8, Washington. 

United States National Museum, Washington, D. C. 

Universidad de Tucuman, Biblioteca Central, Ayacucho 482, Tucum4n, Argentina. 

Universidad Nacional de Mexico, Tobias Chaves, Librarian, Calle del Lic. Verdad, No. 2, 
México, D.F., México. 

Universita’ di Cagliari, Istituto di Mineralogia, Cagliari, Italy. 

Universita’ di Firenze, Istituto di Mineralogia, Petrografia e Geochimica, Firenze, Italy. 

Universitatsbibliothek, Dr.-Karl-Lueger-Ring 1, Wien 1 M, Austria. 

Université de Liége, M. le Bibliothecaire, Liége, Belgium. 

Université de Paris, M. le Conservateur de la Bibliotheque, Sorbonne, Rue des Ecoles 
Paris V, France. 

Université Sorbonne de Paris, Bibliotheque, 47 Rue des Ecoles, Paris V, France. 

Universitetet, Oslo, Norway. 

Universitetsbiblioteket, Lund, Sweden. 

Universiteits-Bibliotheek, Singel 421, Amsterdam, Holland. 

University, The Librarian, Adelaide, South Australia. 

University College, The Librarian, Potchefstroom, Transvaal, South Africa. 

University College of Swansea Library, Singleton Park, Swansea, England. 

University Library, The National Library of Finland, Helsinki, Finland. 

University Library, Stellenbosch, South Africa. 

University of Arizona Library, Tucson, Arizona. 

University of Arkansas, General Library, Fayetteville, Arkansas. 


2 


FELLOWS, MEMBERS, SUBSCRIBERS 249 


University of Berne, Mineralog. Petro. Institut, Berne, Switzerland. 

University of British Columbia, Vancouver, British Columbia, Canada. 

University of Brussels Library, Avenue F. D. Roosevelt, Brussels, Belgium. 

University of Buffalo Library, 3425 Main Street, Buffalo, N. Y. 

University of Calcutta, Secretary, Geological Department, Senate House, Calcutta, India. 

University of California Library, Berkeley 4, California. 

University of California, Division of Soils, 120 Hilgard Hall, Berkeley 4, California. 

University of California Scientific Laboratory, Att.: Project Librarian, P.O. Box 1663, 
Santa Fe, New Mexico. 

University of California at Los Angeles, The Library, 405 Hilgrad Avenue, Los Angeles 24, 
California. 

University of Cambridge, Department of Mineralogy and Petrology, Cambridge, England. 

University of Cambridge, Library, Cambridge, England. 

University of Cape Town, The Librarian, J. W. Jagger Library, Rondebosch, Cape Town, 

South Africa. 

University of Chattanooga Library, Chattanooga, Tennessee. 

University of Chicago Libraries, Periodical Division, Harper M 26, Chicago, Illinois. 

University of Cincinnati, Mr. Peter Scherrer, Director of Central Stores, Cincinnati 21, 

Ohio. 

University of Cincinnati, The General Library, Cincinnati 21, Ohio. 

University of Colorado Library, Boulder, Colorado. 

University of Connecticut Library, Storrs, Connecticut. 

University of Georgia, General Library, Serials Division, Athens, Georgia. 

University of Hawaii Library, Honolulu, Hawaii. 

University of Illinois Library, Urbana, Illinois. 

University of Kansas Library, Periodical Dept., Lawrence, Kansas. 

University of Kentucky Library, Lexington 29, Kentucky. 

University of Leeds, Leeds, Yorkshire, England. 

University of Louvain Library, 102 Bis rue de Namur, Louvain, Belgium. 

University of Manchester Library, Manchester, England. 

University of Manitoba, Science Library, Winnipeg, Manitoba, Canada. 

University of Melbourne, Carlton N 3, Victoria, Australia. 

University of Michigan General Library, Ann Arbor, Michigan. 

University of Minnesota Library, Minneapolis 14, Minnesota. 

University of Missouri General Library, Columbia, Missouri. 

U 

U 

U 


Jniversity of Montreal, Dept. of Geology, 2900 Mount Royal Blvd., Montreal, Canada. 
Jniversity of Nebraska Libraries, Lincoln 8, Nebraska. 

Jniversity of Nevada Library, Reno, Nevada. 

University of New Hampshire, Hamilton Smith Library, Durham, New Hampshire. 
University of New Mexico Library, Albuquerque, New Mexico. 

University of North Carolina Library, Chapel Hill, North Carolina. 

University of Oklahoma Library, Norman, Oklahoma. 

University of Oregon Library, Eugene, Oregon. 
U 
U 


Jniversity of Otago, Librarian, Dunedin, N. 1., New Zealand. 

Jniversity of Pennsylvania Library, Philadelphia, Pa. 

University of Philippines, Library, Herran Street, Manila, Philippines. 

University of Philippines, Allocation Committee Commonwealth of the Philippines, c/o 
Library, Herran Street, Manila, Philippines. 

University of Pittsburgh Library, Room 530, Cathedral of Learning, Pittsburgh, Pa. 


250 FELLOWS, MEMBERS, SUBSCRIBERS 


University of Pretoria, Librarian, Pretoria, South Africa. 

University of Queensland, Library, Brisbane, Queensland, Australia. 

University of Reading, Library, Reading, England. 

University of Rochester Library, Rochester, New York. 

University of St. Andrews Library, St. Andrews, Scotland. 

University of Sheffield, Applied Science Library, St. George’s Square, Sheffield 1, England. 

University of South Dakota Library, Vermilion, South Dakota. 

University of Southern California, Library, University Park, Los Angeles, California. 

University of Stockholm, Mineralogical Department, Drottninggatan 116, Stockholm, 

Sweden. 

University of Sydney, Fisher Library, Sydney, New South Wales, Australia. 

University of Tennessee, Library, Knoxville 16, Tennessee. 

University of Texas, Library, Serials Acquisition, Austin, Texas. 

University of Toronto, Library, Toronto 5, Ontario, Canada. 

University of Tulsa, 7th and College, Tulsa, Oklahoma. 

University of Utah Library, Salt Lake City, Utah. 

University of Virginia, Alderman Library, Charlottesville, Virginia. 

University of Washington Library, Seattle, Washington. 

University of Washington, College of Mines, 324 Mines Laboratory, Seattle, Washington. 

University of West Virginia Library, Morgantown, West Virginia. 

University of Western Australia, The Librarian, Perth, Western Australia. 

University of Wisconsin, Periodicals Division, General Library, Madison, Wisconsin. 

University of the Witwatersrand, Main Library, Milner Park, Johannesburg, South Africa. 

University of Wyoming Library, Laramie, Wyoming. 

Uniwersytet Warszawski, Krakowskie Przedmiescie 26/28, Warszawa, Poland. 

Uniwersytet Wroclawski, Uniwersytet, Wroclaw, Poland. 

Upravlenije po delsm vysshej shkoly, pri SNK USSR, ul. Kirov, 23 Kiev, SSSR. 

Uraljsk. Filial Akademii Nauk SSSR, ul. Molotova, 2. Vtuzgorodok, Sverdlovsk, SSSR. 

Uraljskij Filial CNTB Ch. M., Pom Uraljskogo Industr. Instituta, 3-j etazh Vtuzgorodok, 
Sverdlovsk, SSSR. 

Uraljsk. Geologo-Razvedochn. trest, Oktjabrjsk. ul. 8, g. Miass, Cheljabinsk. obl., SSSR. 

Uraljsk. gos. Universitet, ul. Belinskogo, 71-a, Sverdlovsk, SSSR. 

Uzvekskij Gos. Universiteta, buljv. im. Gorjkogo 15, Samarkand, SSSR. 


Valentin Garcia 6 Cia, Apartado 2103, Habana, Cuba. 

Vanadium Corporation of America Library, Bridgeville, Pennsylvania. 

Vanderbilt University, Department of Geology, Joint University Library, Nashville, 
Tennessee. 

Virginia Military Institute, Library, Lexington, Virginia. 

Vostochno-Sibirsk. Geologo-Razvedochn. trest ul. 5-j Armii, Irkutsk, SSSR. 

Vsesojuzn. nauchno-issled. Institut mineraljnogo syrja, Pyzhevsk. per. 7, Moskva, SSSR. 

Vsesojuzny} Nauchno-issled., Institut stekla, B. Semenovsk. ul., 10, Moskva-23, SSSR. 

Vsesojuznomu Nauchno issled. Institutu ogneuporov Jumovskaja ul., 18, Kharjkov, SSSR. 


Ward’s Natural Science Establishment, 3000 Ridge Road East, Rochester, New York. 
Washington State College Library, W. W. Fuote, Librarian, Pullman, Washington. 
Washington University Library, St. Louis, Missouri. 

Wayne Laboratories, 17 East Main Street, Waynesboro, Pennsylvania. 

Wayne University Library, 4841 Cass Avenue, Detroit 1, Michigan. 


FELLOWS, MEMBERS, SUBSCRIBERS 251 


Wellesley College Library, Wellesley 81, Massachusetts. 

Wepf, B. & Cie., Booksellers, Basle, Switzerland. 

Wesleyan College Library, 175 North Street, Middletown, Connecticut. 

Western Australia, State Government Stores Dept., The Controller of Stores, Fremantle, 
Western Australia. 

Wichita City Library, Wichita, Kansas. 

Wil'amette University Library, Salem, Oregon. 


Young, Henry and Sons, Ltd., 15 North John Street, Liverpool, England. 
Yuan, T. L., Exec. Sec., Chinese Com. on Distribution of Books, c/o Academia Sinica, 
37b Brenan Road, Shanghai, China. 


Zapadno Sibirsk. Filial, Akademii Nauk SSSR, Novosibirsk, SSSR. 
Zapadno-Kazakhstansk., Geologichesk. Upravlenije, ul. Frunze, 70, Aktjubinsk, SSSR. 
Zav. kafedroj fiziki Gosuniversiteta, Docentu Murzaevu, Dnepropetrovsk, SSSR. 


PROCEEDINGS OF SOCIETIES 


PHILADELPHIA MINERALOGICAL SOCIETY 
The Academy of Natural Sciences of Philadelphia, May 2, 1946 


Dr. W. Hersey Thomas presided, with 70 present. Dr. Edgar T. Wherry spoke on “The 
Radioactive Minerals of Pennsylvania.” 


June 6, 1946 


Sixty-three were present, with Dr. W. Hersey Thomas in the chair. Dr. Joseph L. 
Gillson described the deposits of ‘““Fluorspar in Mexico.’’ The unusual geology of the Azul 
mine in the Taxco district evoked especial interest. The limestone hill at Rosario in Durango 
contains deposits of celestite as well as fluorspar, but not associated together. The mine at 
Parral contains a vein of fluorspar 39 feet wide, and accounted for a third of Mexico’s 
production. 

September 5, 1946 

Fifty persons attended, while Dr. W. Hersey Thomas presided. Summer trips were re- 
ported by Mr. Rosensweig to Maine, by Mr. Arthur Boucut to Arkansas, the tristate lead- 
zine area, and the Rocky Mountain regions; by Mr. Gordon to localities in Colorado, 
New Mexico, and the south; by Mr. Eisenberg to New England localities; and by Mr. Good 


to a number of western localities. 
October 3, 1946 


The 54th annual meeting was held with 67 present, and Dr. W. Hersey Thomas in the 
chair. Mr. Samuel G. Gordon addressed the society on “Desert Minerals,” with examples 
drawn from the Atacama Desert, and areas in Arizona, such as the Mammoth mine. Mr. 
Arndt described a trip to New England. 

November 7, 1946 


Dr. W. Hersey Thomas presided, with 74 present. Dr. Earl Ingerson addressed the 
society on “Estimates, from Liquid Inclusions, of Temperatures of Formation of Vein and 
Pegmatite Quartz,” descriptive of recent field experiences in Brazil followed by laboratory 
work in the investigation of vein occurrences, orientation of crystals in veins, and tempera- 
ture and pressure of formation. Cavities filled or partially filled with solution are common 
in quartz crystals, and a microscopic study was made of the temperature at which (on 
heating) a bubble disappears: a temperature which can also be predicted from a measure- 
ment of the relative volume of bubble and liquid. More difficult was the estimation of the 
pressure prevailing on the liquid at the time of cavity filling. Kodachrome slides of quartz 
occurrences in Brazil, and data obtained from a study of the liquid inclusions were shown. 

CHARLES A. BELz, Secretary 


NEW YORK MINERALOGICAL CLUB, INC. 


American Museum of Natural History 
Abstract of the Minutes of the New York Mineralogical Club for November 20, 1946. 


The speaker of the evening was Professor Cornelius S. Hurlbut of Harvard University 
who spoke on “Modern Developments in Mineralogical Techniques.”’ He described the 
usual methods of investigation that have been applied to minerals, but stressed the more 
recent refinements of techniques that enable more accurate measurements on smaller 
samples. Dr. Hurlbut referred to blowpipe reactions, specific gravity determinations, mag- 
netic and electrostatic separations, infra red absorption, determination of indices of refrac- 
tion, examination of polished sections of opaque minerals and several chemical methods in- 
volving micro-chemistry, spectrographic analysis and differential thermal analysis. 


252 


PROCEEDINGS OF SOCIETIES 253 


December 18, 1946 


The principal speaker of the evening was Charles R. Toothaker, who spoke on “‘Recent 
Developments in Economic Mineralogy.”’ Mr. Toothaker was associated with A. E. Foote, 
mineral dealer of Philadelphia, where he handled many specimens of all kinds. Mineralo- 
gists were familiar with the associations and the localities of minerals containing elements 
which at that time were considered rare and of no economic importance. However as uses 
for these elements were discovered there was a demand for them in quantity and manufac- 
turers had to rely on mineralogists either to supply them from known localities or to find 
new occurrences. 

January 15, 1947 


The speaker of the evening was Dr. Edgar T. Wherry who spoke on “Searching for 
Radioactive Minerals in Pennsylvania.’”’ He found that there were quite a few radioactive 
minerals in Pennsylvania, mostly in southeastern Pennsylvania, but none in large amounts. 
Some of these minerals are autunite, torbernite, euxenite, allanite and cyrtolite. 

However an important deposit of carnotite was found at Mauch Chunk where the 
mineral is scattered through a coarse sandstone. It is believed that plants were responsible 
for the concentration of the elements of this mineral which accumulated in the rock. 

PURFIELD KENT, Secretary 


BOOK REVIEW 


IDENTIFICATION AND QUALITATIVE CHEMICAL ANALYSIS OF MINERALS 
by Orsrno C. Smit. D. Van Nostrand Company, Inc., ix+351 pages (1946). Price 
$6.50. 


In 1940 the author published a handbook of minerals under the title ‘“Mineral Identi- 
fication Simplified.” This earlier text of 271 pages listed over 2000 minerals and consisted 
essentially of tables based largely on the two important physical properties of specific 
gravity and hardness (reviewed in Am. Mineral., 25, p. 767). 

The present enlarged text of 351 pages, while based on the same underlying principles as 
the earlier work, has a number of innovations which are aimed to assist the student in the 
identification of minerals. In this expanded edition, under a new title, greater stress is 
placed on wet qualitative tests of the elements, including many of the rare earths, to sup- 
plement the strictly blowpipe reactions and the physical properties. 

It seems that an unnecessarily large amount of space (about 20 pages) has however been 
devoted to detailed instructions for constructing “home made”’ balances for specific gravity 
determinations and a chemical “portable laboratory” for field work. 

Perhaps the most unique feature of the book is the very large number (20 pages) of 
colored illustrations which attempt to depict the natural color of minerals, the reactions on 
charcoal, plaster tablet, bead tests and the appearance of a few minerals when exposed to 
ultra violet light. Some of these colored plates are without question very good and should 
prove extremely helpful; however many are of questionable merit. 

As the book covers a wide field of mineralogic information including both the chemical 
and physical properties it should prove a very handy reference manual for the mineralogist, 


geologist and chemist. 
W.F.H. 


NEW MINERAL NAMES 


Pennantite 


W. CampBeELt Smit, F. A. BANNISTER AND Max H. Hey, Pennantite, a new manganese 
—rich chlorite from Benallt mine, Rhiw, Carnarvonshire. Mineralog. Mag., 27, 217-220 
(1946). 

CHEMICAL PROPERTIES: Formula probably (Mn, Al),2 (Si, Al)sO20(OH)16, analogous to 
thurginite. Analyses: 1. on 30 mg. of pure material; 2. on 40 mg. of material containing ap- 
preciable banalsite and opaque manganese minerals. 


Si02 Al,O; —-Fe203 MnO MgO BaO H20 Sum 
ile 22.64 18.60 4.43 38.93 n.d. 1.33 n.d. 
Ds 23.43 18.76 6.80 32.46 1.48 7.40 9.40 99.73 


Calcium and titanium were tested for and not found; alkalies were not determined 
Neither ferrous iron nor trivalent manganese was found to be present. 

X-Ray Stupy: X-Ray powder photographs are identical in pattern with those of thuringite. 
Cell dimensions a=5.43, b=9.4, c’=28.5 A. Cleavage good. 

PHYSICAL AND OPTICAL PROPERTIES: Color orange-brown. Optically uniaxial, negative, 
ns(Na)a=1.646+.001, B=y=1.661+.001. Absorption a<@B<y. Pleochroic with y’ 
(parallel to cleavage) xanthine-orange, a’ orange-buff. D4!®=3.06+.01. 

OccuRRENCE: In patches and small flakes in the matrix, less commonly in the ore and 
in thin veins cutting the ore. The vein from which material for analysis was obtained con- 
tained chiefly paragonite and analcime, with minor amounts of banalsite, ganophyllite, 
tephroite, and pyrophanite. 

Name: For Thomas Pennant (1726-1798), Welsh traveller, zoologist, and mineralogist. 

MICHAEL FLEISCHER 


Calclacite 


RENE VAN TASSEL, Une efflorescence d’acetatochlorure de calcium sur des roches 
calcaires dans des collections. Bull musée royal d’Histoire naturelle de Belgique, 21, No. 26, 
11 pp. (1945). 

The name calclacite (from the chemical composition) is given to the compound 
CaCl, -Ca(C,H;02)2:10H2O, which formed efflorescences on certain calcareous rocks 
stored in wooden cases. Physical, chemical, optical, and thermal data are given. As the 
same rocks when stored in glass showed no formation of efflorescences, Van Tassel con- 
cludes that the acetic acid was probably derived from the wood, hence that this is not a 
mineral in the strict sense. 


M.F. 
Goldfieldite 


R. M. Tuompson, Goldfieldite = tellurian tetrahedrite. Univ. Toronto Studies, Geol. Ser. 
No. 50, 77-78 (1946). 

X-ray and microscopic study of material from Claremont mine, Goldfield, Nevada, 
showed that it was a mixture of tetrahedrite, bismuthinite, and famatinite. Only the tetra- 
hedrite gave a microchemical reaction for Te. Goldfieldite is therefore a tellurian tetra- 
hedrite. 


M.F. 
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Haringtonite 


N. W. Wrison, Geology of the Monarch cinnabar mine, Transvaal, South Africa. 
Bull. Institution Mining and Metallurgy (London) No. 470, 1-24 (1945). 

This name, for the locality Harington Kop, is given to a mercury mineral resembling 
cinnabar and guadalcazarite (=zincian metacinnabar). It occurs intergrown with, and 
apparently replacing cinnabar, also in intergrowths with gold. Color blackish-red, luster 
sub-metallic, and streak cinnabar-red. Under the microscope it is light-gray with red in- 
ternal reflections. It is soft, anisotropic and has low relief. Spectrographic study of doubt- 
fully pure material shows traces of Cu, Zn, Sn, Sb, and As. 

Discussion: It has been pointed out repeatedly that the literature should not be bur- 
dened with new names on the basis of so little evidence. If there must be a tag for such 
material, why not call it “Unidentified mineral A” until it has been proved to be worthy 
of a name? 

M.F. 


Ondfejite 


Jan VActav KaSpar, Ondfejite, a new mineral. First preliminary note. Veda Prirodni 
Praha, 23, 132-137 (1944) (in Czech); through Mineralog. Abs., 9, 261 (1946). 

Crusts and irregular concretions recently found on prismatic crystals of aragonite in 
the ZbraSov caves near Hranice in eastern Moravia consist of white pulverulent material, 
the homogeneity of which was proved by x-ray photographs. G=2.217; analysis gave: 
CO, 43.50, SiO» 6.57, FeO 0.46, MgO 18.34, CaO 12.65, Na,O 8.31, H.O (60°) 2.07 =94.07. 
If this deficit represents water expelled at a still higher temperature, the mineral would 
belong to the thaumasite group.” 

M.F. 


Kribergite 


TorstEN Du Rrevz, Kribergite, a new mineral from Kristineberg mine, Vasterbotten- 
Geol. Fér. Forh., 67, 78-79 (1945) (in Swedish), through Mineralog. Abs., 9, 188 (1946). 

“A white, compact, chalk-like mineral filling crevices in pyrite gave on analysis by 
B. Helger P2Os 31.27, SO; 13.05, Al,O; 38.45, MgO 0.02, V 0.003, H:O 17.22=100.01; 
agreeing approximately with 2Al,0;-2 (P205, SOs) -SH20. G=1.92, n=1.484, y—a@ about 
0.002, but variable. Under the microscope it shows a felted lamellar to spherulitic structure. 
X-ray powder photographs show five weak lines indicating a low degree of symmetry.” 

M.F. 


Kyanophilite 


B. Rama Rao, ‘Kyanophilite’—a new mineral of the hydrous aluminum silicate group 
derived from kyanite, from Mavinhalli, Mysore. Current Sci. Bangalore, 14, 196 (1945); 
through Mineralog. Abs., 9, 188-189 (1946). 

“Loose lumps of an apple-green mineral, resembling talc or chlorite in appearance, 
were found in an area of kyanite-graphite-schist. Thin sections show plumose aggregates 
with »=1.58-1.60 and low birefrigence. Analysis gave: SiO: 45.20, Al,O3 41.04, MgO 0.0, 
CaO 3.72, Na,O 3.84, K,O 0.73, ignition (mostly water) 5.00.” 

M.F. 


The annual meeting of the Society for Experimental Stress Analysis, including a Sym- 
posium of Shock and Impact, will be held at The Stevens Hotel, Chicago, Illinois, on May 
15, 16, and 17, 1947. Inquiries should be addressed to the Society of Experimental Stress 
Analysis, P.O. Box 168, Cambridge 39, Massachusetts. 


NOTES AND NEWS 
BOOKS AND WORLD RECOVERY 


The desperate and continued need for American publications to serve as tools of physica] 
and intellectual reconstruction abroad has been made vividly apparent by appeals from 
scholars in many lands. The American Book Center for War Devastated Libraries has been 
urged to continue meeting this need at least through 1947. The Book Center is therefore 
making a renewed appeal for American books and periodicals—for technical and scholarly 
books and periodicals in all fields and particularly for publications of the past ten years. We 
shall especially welcome complete or incomplete files of The American Mineralogist. 

The generous support which has been given to the Book Center has made it possible to 
ship more than 700,000 volumes abroad in the past year. It is hoped to double this amount 
before the Book Center closes. The books and periodicals which your personal or institu- 
tional i:brary can spare are urgently needed and will help in the reconstruction which must 
preface world understanding and peace. 

Ship your contributions to the American Book Center, c/o The Library of Congress, 
Washington 25, D. C., freight prepaid, or write to the Center for further information. 


Dr. G. Aminoff, professor of Mineralogy and Director of the National Museum in Stock- 
holm since 1923, died February 12, at the age of 63 years. 
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